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\ composition for delivery 
of superoxide dismutase to neuronal 
cells comprise a superoxide dismutase 
linked by a linker to a neuronal 
cell *argeting component, which 
component comprises a first domain 
that binds to a neuronal cell and 
a second domain that translocates 
the superoxide dismutase into the 
neuronal cell. After translocation, 
the linker is cleaved to release 
superoxide dismutase f.om the 
neuronal cell targeting domain. Also 
described is use of the composition 
for treatment of oxidative damage to 
neuronal cells and further targeting 
of the composition using human 
mitochondrial leader sequences. 
A hybrid poI} pepti Je is described 
that contains a bacterial superoxide 
dismutase plus a sequence that targets 
a human mitochondria. 
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DELIVERY OF SUPEROXIDE DISMUTASE TO NEURONAL CELLS 



The present invention relates to compositions and methods for delivery of 
superoxide dismutase (SOD) to neuronal cells, and in particular for delivery 
of SOD to mitochondria in those cells. The present invention also provides 
methods of making the constructs, 

A number of nervous system disorders would benefit considerably from 
rapid intervention with several therapeutic agents. Examples of such 
disorders are global, focal or spinal cord ischaemia induced by stroke or 
injury. Neurones injured by trauma or ischaemia produce elevated levels 
of transmitter substances which result in high levels of reactive oxygen 
species. These reactive oxygen species, in high concentrations are toxic 
to both the neurones and the surrounding cells which potentiates and 
amplifies the damage process. Rapid therapeutic intervention with agents 
to reduce oxidative stress in cases of neuronal injury caused by stroke or 
trauma could therefore significantly limit this secondary damage process. 
One such potential therapeutic agent is superoxide dismutase which 
neutralises the harmful effects of the superoxide radicals by converting 
them to hydrogen peroxide and oxygen. 

Francis and co-workers demonstrated that post-ischaernic infusion of 
Copper/Zinc superoxide dismutase (Cu/Zn-SOD) reduces cerebral infarction 
following ischaemia/reperfusion in rats (Experimental Neurology (1997) 
1 46, 435-443) through the reduction of damaging free-radical oxygen. Lim 
et al. have shown than administration of Cu/Zn-SOD attenuates the level 
of reperfusion injury following spinal cord ischaemia in dogs (Ann. Thorac. 
Surg. (1986) 42, 282-286). Cuevas et al. have similarly demonstrated 
protective effects of SOD, both on neurological recovery and spinai 
infarction, in ischaemic .eperfusion injury of the rabbit spinal cord (Acta 
Anat. (1 990) 1 37, 303-31 0. A major problem in the use of such therapies 
is the maintenance of useful concentration of the active agent at the site 
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of trauma. Enzymes such as Cu/Zn-SOD are rapidly cleared from the 
systemic circulation; in the case of the latter enzyme the t i;2 in rat is 4-8 
minutes. A number of strategies have been employed to overcome these 
difficulties. Matsumiaya et ai. (Stroke (1 991 ) 22, 11 93-1 200) conjugated 
Cu/Zn-SOD to polyethylene glycol to increase it half-life in the blood. 
Francis and co-workers (Experimental Neurology (1997) 146, 435-443) 
describe the neuronal delivery of Cn/Zn-SOD by fusion of the enzyme to 
the binding domain of tetanus toxin. None of these strategies, however, 
are particularly efficient at delivering the enzyme to the intracellular 
neuronal compartments where the enzyme can be effective. 

In most eukaryotic species, two intracellular forms of superoxide dismutase 
exist: the Cu/Zn-SOD which is located within the cytoplasmic and nuclear 
compartments and manganese superoxide dismutase (Mn-SOD) which is 
located within the mitochondrial matrix. Human Mn-SOD is a tetrameric 
enzyme and is larger than the dimeric Cu/Zn-SOD. Several studies have 
shown that decreased Mn-SOD may be associated with one or more 
chronic diseases such as ovarian cancer (Nishida et a/. (1995) Oncology 
Reports, 2,643-646) and diabetes (L'Abbe eta/., (1994) Proc Soc Exp Biol 
Med, 207, 206-274). In addition, mice in which the Mn-SOD gene has 
been knocked out exhibit several novel pathogenic phenotypes including 
severe anaemia, degeneration of neurones in the basal ganglia and 
brainstem, and progressive motor disturbances characterised by weakness 
and rapid fatigue (Lebovitz et al., (1996) Proc Natl Acad Sci USA, 93, 
9782-9787). In addition these mice showed extensive damage to the 
neuronal mitochondria. Overexpression of Mn-SOD in cell lines and 
transgenic mice showed that damage and apoptosis of neurones under 
oxidative stress was markedly reduced (Keller et al., (1998) Journal of 
Neuroscience, 18, 687-697). Mitochondrial damage was also reduced. 
These data showed that superoxide accumulation and subsequent 
mitochondrial damage play key roles in neuronal death induced by trauma 
both in vitro and in vivo. Delivery of agents which reduce the level of 
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oxidative stress to neuronal cells may therefore reduce neuronal cell death 
and affcrd considerable therapeutic benefits. 

Mn-SODs of bacterial origin such as that from Bacillus stearothermophilus 
or B. caldotenax consist of two subunits and are smaller than the human 
isoform which is a tetramer. B. stearothermophilus and B. caldotenax Mn- 
SOD also have considerably lower irnmunogenicity than the human isoform 
which is an advantage for continued therapeutic use. As enzymes for 
therapeutic applications, however, they suffer from similar drawbacks to 
other SODs in that very little of the administered enzyme is retained within 
the tissues where it would be therapeutically beneficial. 

The botulinum neurotoxins are a family of seven structurally similar, yet 
antigenically different, protein toxins whose primary site of action is the 
neuromuscular junction where they block the release of the transnrvtter 
acetylcholine. The action of these toxins on the peripheral nervous system 
cf man and animals results in the syndrome botulism, which is 
characterised by widespread flaccid muscular paralysis (Shone (1986) in 
'Natural Toxicants in Foods', Editor D. Watson, Ellis Harwood, UK), Each 
of the botulinum neurotoxins consist of two disulphide-linked subunits; a 
100 kDa heavy subunit which plays a role in the initial binding and 
internalisation of the neurotoxin into the nerve ending (Dolly et. al. (1 984) 
Nature, 307, 457-460) and a 50 kDa light subunit which acts intracellular^ 
to block the exocytosis process (Mclnnes and Dolly (1 990) Febs Lett., 261 , 
323-326; de Paiva and Dolly (1990) Febs Lett., 277, 171-174). Thus it is 
the heavy chains of tha botulinum neurotoxins that impart their remarkable 
neuronal specificity. 

Tetanus toxin is structurally very similar to botulinum neurotoxins but its 
primary site of action is the central nervous system where it blocks the 
release cf inhibitory neurotransmitters from central synaoses (Renshaw 
cells). As described for the botulinum toxins above, it is domains within 
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the heavy chain of tetanus toxin that bind to receptors on neuronal cells. 



The binding and internalisation (translocation) functions of the clostridial 
neurotoxin (tetanus and botulinum) heavy chains can be assigned to at 
least two domains within their structures. The initial binding step is 
energy-independent and appears to be mediated by one or more domains 
within the H c fragment of the neurotoxin (C-terminal fragment of 
approximately 50kDa) (Shone et al. (1 985), Eur. J. Bio c hem., 151, 75-82) 
while the translocation step is energy-dependent and appears to be 
mediated by one or more domains within the H N fragment of the neurotoxin 
(N-terminal fragment of approximately 50kDa). 

Isolated heavy chains are non-toxic compared to the native neurotoxins and 
yet retain the high affinity binding for neuronal cells. Tetanus and the 
botulinum neurotoxins from most of the seven serotypes, together with 
their derived heavy chains, have been shown to bind a wide variety of 
neuronal cell types with high affinities in the nM range (e.g botulinum type 
B neurotoxin; Evans et al. (1986) Eur. J. Biochem. 154, 409-416). 

Another key characteristic of the binding of these neurotoxins is that 
tetanus, botulinum A, B, C 1( D, E and F neurotoxins all appear to recognise 
distinct receptor populations, and collectively the clostridial neurotoxin 
heavy chains provide high affinity binding ligands that recognise a whole 
family of receptors that are specific to neuronal cells. 

However, whilst it is known to provide a fusion of a SOD with a neurotoxin 
heavy chain, this fusion has been found to be ineffective for delivery of 
SOD to neuronal cells and inactive in in vitro assays for potential 
therapeutic activity. 

It is an object of toe invention to provide compositions and methods for 
delivery of SOD to neuronal cells. A further object is to provide 
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compositions and methods for treatment or at least, amelioration of 
conditions such as ischemic stroke. 

Accordingly, the present invention provides a construct for delivering 
5 superoxide dismutase (SOD) to neuronal cells. In one aspect of the 

invention the construct consists of a SOD which has been combined with 
various functional protein domains to effect efficient targeting to the 
mitochondria within neuronal cells. The construct of specific embodiments 
of the invention, described in further detail below, contains the following 

10 elements:- 

- a SOD which contains a leader sequence for targeting SOD to the 

mitochondria; 

- a dimeric SOD which has low immunogenicity and high stability; 

- a SOD which is linked to a domain that effects translocation across 
15 lipid membranes; 

- a linkage between the SOD and the translocation domain that is 
cleaved within the neuronal cytosol; and 

- a domain which selectively targets the construct to neuronal cells. 

20 A first aspect of the invention thus provides a composition for delivery of 

superoxide dismutase (SOD) to neuronal cells, comprising:- 
SOD; linked by a cleavable linker to 

a neuronal cell targeting component, comprising a first domain that 
binds to a neuronal cell and a second domain that translocates the 
25 SOD of the composition into the neuronal cell. 

The linker is cleavable and thus, m use, after translocation of the SOD into 
the ceil, the linker is cleaved to release SOD from the neuronal cell 
targeting domain. A suitable linker is a disulphide bridge between cysteine 
30 residues, one residue on the SOD and one residue on the neuronal cell 

targeting component, for example on the second domain. Another example 
of a linker is a site for a protease f ound in neuronal cells, in this way, the 
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linker is such that it is cleaved within the cell, separating the SOD from the 
other translocated portions of the composition. 

By SOD is meant a sequence that has superoxide dismutase activity, and 
may also comprise a further sequence or sequences conferring additional 
properties on that portion of the constructs. For example, the SOD 
optionally also includes a sequence targeting the SOD to mitochondria in 
a neuronal cell. 

The SOD may be a hybrid of Mn-SOD and a sequence targeting the hybrid 
to mitochondria. The SOD may be of bacterial or human origin, or a 
derivative thereof, and may be comprised of sequences from more than one 
origin, provided that it has superoxide dismutase activity. 

The first domain may suitably be selected from (a) neuronal cell binding 
domains of clostridial toxins; and (b) fragments, variants and derivatives of 
the domains in (a) that substantially retain the neuronal cell binding activity 
of the domains of (a). The second domain is suitably selected from (a) 
domains of clostridial neurotoxins that translocate polypeptide sequences 
into cells, and (b) fragments, variants and derivatives of the domains of (a) 
that substantially retain the translocating activity of the domains of (a). 

In an embodiment of the invention a construct comprises SOD linked by a 
disulphide bridge to a neuronal cell targetting component comprising a f irst 
domain that binds to a neuronal cell and a second domain that translocates 
the SOD into the neuronal cell. This construct is made recombinant^ as 
a single polypeptide having a cysteine residue on the SOD which forms a 
disulphide bridge with a cysteine residue on the second domain. The SOD 
is covalently linked, initially, to the second domain. Following expression 
of this single polypeptide SOD is cleaved from the second domain leaving 
the SOD linked only by the disulphide bridge to the rest of the construct. 
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A second aspect of the invention provides a pharmaceutical composition 
for treatment of oxidative damage to neuronal ceils comprising a 
composition according to the invention with a pharmaceutical^ acceptable 
carrier. This composition may be used to deliver SOD to a neuronal cell, 
for example by administration of the composition by injection. 

A third aspect of the invention provides a method of preparing a 
composition according to the invention, comprising chemically linking SOD, 
tinker and neuronal cell targeting components. The SOD preferably is free 
of cysteine residues and the method preferably comprises treating the SOD 
with a cross-linker which will form a disulphide bridge with a cysteine 
residue on the neuronal cell targeting domain. 

In a further embodiment of the third aspect of the invention, there is 
provided a method of making a composition according to the invention 
comprising expressing a DNA that codes for a polypeptide having SOD, a 
linker, a neuronal ceil targeting component. The polypeptide may further 
comprise a purification sequence and the method may further comprise 
purifying the polypeptide using this sequence and then cleaving the 
polypeptide to remove the purification sequence to leave SOD, the linker 
and the neuronal cell targeting component. 

By virtue of the combination of properties defined above, constructs of the 
invention are surprisingly efficient at transporting SOD to the mitochondria 
within neuronai cells. The ability of the superoxide dismutase to be 
translocated into the cytosol by virtue of the 'translocation domain' within 
the construct and the cleavage of the enzyme from the latter domain within 
the cell is key to this targeting efficiency. As such the construct of the 
invention has considerable therapeutic value in treat ; r.c neuronal diseases 
which results from oxidative stress and hss seve:a! advantages over 
previously described SOD formulations. Mitcc K cndria within cells 
containing high levels of superoxide radicals are particularly sensitive to 
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damage and the ability of the construct of the invention to target the SOD 
to these organelles offers considerable advantage in that the enzyme can 
act to remove the superoxide radicals where it is most required. 

The construct of the invention may be used clinically in a variety of 
neuronal diseases which are caused or augmented by oxidative stress. 
Such conditions include ischaemic stoke, Parkinson's disease, Huntington' s 
disease and motor neurone diseases. In the case of ischaemia/reperfusion 
injury caused by stroke or trauma, delivery of the construct of the invention 
to neurones of the hippocampus may afford considerable therapeutic 
benefits by reducing neuronal damage and death. Other neuronal diseases 
where the underlying cause is oxidative stress would also benefit from the 
therapeutic effects of the construct of the invention. 

In a preferred aspect of the invention, the SOD is a dirneric, manganese 
superoxide dismutase (Mn-SOD) which is of bacterial origin and has low 
immunogenicity and high stability. 

The use of a bacterial Mn-SOD in constructs has a number of advantages 
compared to the use of the human Mn-SOD isoform:- 

- the low immunogenicity of the bacterial Mn-SOD is advantageous 
where repeated administration of the construct is required, in which 
cases the induction of adverse host immune responses is reduced; 
and 

- the smaller size of constructs based on the dirneric bacterial Mn- 
SOD compared to human Mn-SOD (which is a tetramer) both 
reduces the likelihood of adverse immune responses and increases 
the rate of diffusion of the construct to its target tissue. 



In exercise of an example of the invention, a bacterial Mn-SOD of low 
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immunogenicity is derived from either B. stearothermophilus (sequence as 
reported by Brock and Walker (1980) Biochemistry, 19, 2873-2882) or a 
caldotenax (gene and amino acid sequence as defined by Chambers eta/., 
(1 992) FEMS Microbiology Letters, 91 , 277-284) to which a mitochondrial 
leader sequence has been fused to the N-terminus of the protein by 
recombinant technology. This Mn-SOD-leader hybrid is linked by a 
disulphide bridge to a translocation domain derived from a bacterial protein 
toxin, such as botulinum neurotoxin. The translocation domain, in turn is 
fused to a receptor binding domain derived from a clostridial neurotoxin 
(botulinum or tetanus). The construct is produced initially as a single 
polypeptide by recombinant technology and subsequently converted to the 
construct of the invention by selective cleavage with a proteolytic enzyme. 
To produce the construct of the invention, a loop motif containing a unique 
protease site (e.g amino acid sequences specifically cleaved by proteases 
such as factor Xa, enterokinase, thrombin) and a cysteine residue is 
introduced between the C-terminus of the Mn-SOD and the N-terminus of 
the translocation domain such that a disulphide bridge is formed between 
the Mn-SOD and the translocation domain. Subsequent cleavage of the 
protease site generates the active construct. The final construct, when 
analyzed by sodium dodecyl sulphate poiyacrylamide gel electrophoresis in 
the presence of a reducing agent (e.g. dithiothreitol), dissociates into two 
major bands, one corresponding to the superoxide dismutase enzyme and 
a second corresponding to a polypeptide which contains the neuronal 
binding and translocation domains. In the absence of a reducing agent this 
dissociation does not occur and the complex is observed as a single major 
band on the gels. 

Modification of Mn-SOD from B. stearothermophilus by addition of a 
mitochondrial targeting sequence offers several advantages over the use 
of human Mn-SOD which contains its own mitochondrial leader sequence. 
Firstly, the B. stearothermophilus Mn-SOD has a high thermal stability and 
low immunogenicity which allows administration of several doses of the 
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enzyme without provoking an immune response from the host that would 
reduces its efficacy. Secondly, the B. stearothermophilus Mn-SOD is a 
small dimeric enzyme unlike the human Mn-SOD which is a tetramer. 
Recombinant constructs containing the latter enzyme would therefore have 
to be considerably larger and more complex in their structure. 

In an embodiment of the invention, a DNA encoding a construct of the 
invention is made up by fusion of following DNA fragments commencing 
at the 5'end of the gene:- 

an oligonucleotide encoding a modified human mitochondrial leader 
sequence (amino acid sequence: MLSRAVCGTSRQLAPALGYLGSRQ 
(SEQ ID NO:10) or MLSRAVSGTSRQLAPALGYLGSRQ (SEQ ID 
NO:11); 

an oligonucleotide encoding Mn-SOD from B. stearothermophilus 
(coding for the amino acid sequence as defined in Brock and Walker 
(1980) Biochemistry, 19, 2873-2882); 

an oligonucleotide encoding a linker peptide which contains the 
thrombin protease cleavage site and a cysteine residue for disulphide 
bridge formation (peptide sequence: CGLVPAGSGP); 

an oligonucleotide encoding a translocation domain derived from a 
botuiinum neurotoxin (e.g. a DNA fragment coding for amino acid 
residues 449-871 of botuiinum type A neurotoxin, or a DNA 
fragment coding for amino acid residues 441-858 of botuiinum type 
B neurotoxin, or a DNA fragment coding for amino acid residues 
440-864 of botuiinum type F neurotoxin); and 

an oligonucleotide encoding the receptor binding domain of a 
botuiinum neurotoxin or tetanus neurotoxin (e.g. a DNA fragment 
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coding for amino acid residues 872-1296 of botulinum type A 
neurotoxin, or a DNA fragment coding for amino acid residues 859- 
1 291 of botulinum type B neurotoxin, or a DNA fragment coding for 
amino acid residues 865-1278 of botulinum type F neurotoxin, or a 
5 DNA fragment coding for amino acid residues 880-1 31 5 of tetanus 

neurotoxin). 

The above DNA fragments may be obtained and constructed by standard 
recombinant DNA methods. Expression and purification of the assembled 
1 0 construct may be obtained with a variety of suitable expression hosts, e.g. 

Escherichia coli, Bacillus subtil is. 

The translocation dcma»n and neuronal binding domain of the construct 
may also be derived from combination of different clostridial neurotoxins. 
15 For example, the construct of the invention may contain a translocation 

domain derived from botulinum type F neurotoxin and a binding domain 
derived from botulinum type A neurotoxin. 

A construct of the invention may be produced using protein chemistry 
20 techniques. Mn-SOD derived from B. stearothermophilus to which a mitoch 

ondrial leader sequence has been fused to the N-terminus of the protein by 
recombinant technology is modified with a heterobifunctional cross-linking 
reagent such as N-succinimidyl 3-[2-pyridyldithio] propionate (SPDP). The 
chemically modified enzyme is then combined to a cell targetting domain 
25 which contains the binding and translocation functional domains. The 

latter may be produced by recombinant technology or purified from the 
neurotoxins of Clostridium botulinum or Clostridium tetani by established 
methods. Chemical coupling of the SPDP-treated Mn-SOD may be 
accomplished using a free cysteine residue on the polypeptide containing 
30 the binding and translocation domains to give a construct of the invention. 
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Constructs of the invention may be introduced into either neuronal or non- 
neuronal tissue using methods known in the art. By subsequent specific 
binding to neuronal cell tissue, the targeted construct will exert its 
therapeutic effects. Alternatively, the construct may be injected near a site 
requiring therapeutic intervention, e.g. intrathecal or intracranial injection 
close to a site of trauma or disease. 

The construct of the invention may also be administered with other agents 
which enhance its delivery to its target tissue. An example of such an 
agent is one which assists the passage of the construct of the invention 
through the blood-brain barrier to the central nervous system. The 
construct of the invention may also be administered in formulations with 
other therapeutic agents or drugs. 

The dosage required for the construct of the invention will depend upon the 
application and could vary between 1/vg/kg to 100mg/kg of body weight. 
The construct of the invention may be produced as a suspension, emulsion, 
solution or as a freeze dried powder depending on the application and 
properties of the release vehicle and its therapeutic contents. The construct 
of the invention may be resuspended or diluted in a variety of 
pharmaceutically acceptable liquids depending on the application. 

"Clostridial neurotoxin" means a neurotoxin corresponding to tetanus 
neurotoxin or one of the seven botulinum neurotoxin serotypes (type A, B, 
C 1f D, E, F or G). 

"Bind" in relation to the clostridial binding fragments, means the interaction 
between the clostridial fragment and one or more cell surface receptors or 
markers wh : ch results in localisation of the binding fragment or construct 
in the vicinity of the cell. 



"Binding domain" of botu!inum or tetanus neurotoxins means a domain of 
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the toxin which, retains the property of being able to bind the receptors on 
neuronal cells in a similar manner to the intact neurotoxin and encompasses 
native domains and fragments, variants and derivatives that retain this 
binding function. This property of the binding domain can be assessed in 
5 competitive binding assays. In such assays, radiolabeled neurotoxin (e.g 

botulinum type A neurotoxin) is contacted with neuronal cells in the 
presence of various concentrations of non-radiolabelled fragment 
representing the 'binding domain' of the neurotoxin. The ligand mixture is 
incubated with the cells, at low temperature (0-3°C) xo prevent ligand 
10 internalisation, during which competition between the radiolabeled 

neurotoxin and non-labelled 'binding domain' fragment may occur. In such 
assays when the unlabelled iigand used is binding domain of botulinum 
type A neurotoxin (residues 872-1 296), the radiolabeled botulinum type A 
neurotoxin will be displaced from the neuronal cell receptors as the 
15 concentration of its non-labelled 'binding domain' is increased. The 

competition curve obtained in this case will therefore be representative of 
the behaviour of a 'binding domain' fragment being a able to bind the 
receptors on neuronal cells in a similar manner to the intact neurotoxin. 
This property of the binding domain may be used to identify other suitable 
20 protein domains which have the desired binding properties. Examples of 

binding domains derived from clostridial neurotoxins are as follows:- 

Botulinum type A neurotoxin - amino acid residues (872 - 1296) 
Botulinum type B neurotoxin - amino acid residues (859 - 1 291 ) 
Botulinum type C neurotoxin - amino acid residues (867 - 1 291 ) 
25 Botulinum type D neurotoxin - amino acid residues (863 - 1276) 

Botulinum type E neurotoxin - amino acid residues (846 - 1 252) 
Botulinum type F neurotoxin - amino acid residues (865 - 1 278) 
Botulinum type G neurotoxin - amino acid residues (864 - 1 297) 
Tetanus neurotoxin - amino acid residues (880 - 1 31 5) 



30 



"Translocation domain" means a domain or fragment of a protein which 
effects transport of itself and/or ether proteins and substances across a 
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membrane or lipid bilayer and encompasses native domains and fragments, 
variants and derivatives that retain this binding function. The latter 
membrane may be that of an endosome where translocation will occur 
during the process of receptor-mediated endocytosis. Translocation 
domains can frequently be identified by the property of being able to form 
measurable pores in lipid membranes at low pH (Shone et al. (1987) Eur J. 
Biochem. 1 67, 1 75-1 80) . The latter property of translocation domains may 
thus be used to identify other protein domains which could function as the 
translocation domain within the construct of the invention. Examples of 
translocation domains derived from bacteria! neurotoxins are as follows:- 
Botulinum type A neurotoxin - amino acid residues (449 - 871) 
Botulinum type B neurotoxin - amino acid residues (441 - 858) 
Botulinum type C neurotoxin - amino acid residues (442 - 866) 
Botulinum type D neurotoxin - amino acid residues (446 - 862) 
Botulinum type E neurotoxin - amino acid residues (423 - 845) 
Botulinum type F neurotoxin - amino acid residues (440 - 864) 
Botulinum type G neurotoxin - amino ac'd residues (442 - 863) 
Tetanus neurotoxin - amino acid residues (458 - 879) 

'Translocation" in relation to translocation domain, means the 
internalisation events which occur after modified clostridial binding 
fragments bind to the cell surface. These events lead to the transport of 
substances into the cytosol of neuronal cells. 

"Unique protease site" means a protease site incorporated into the 
construct such that the molecule may be proteolysed at pre-determined 
sites by a selected protease. The specificity of these proteases is such that 
cleavage to other parts of the construct does not occur. Examples of 
unique protease sites are the amino acid sequences cleaved by proteases 
such as: thrombin, factor Xa, enterokinase. 



A fourth aspect or the invention provides a composition for delivery of a 
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therapeutic agent to neuronal cells, comprising:- 

the therapeutic agent; linked by a cleavable linker to 
a neuronal cell targeting component, comprising a first domain that 
binds to a neuronal celt and a second domain that translocates the 
therapeutic agent of the composition into the neuronal celi. 

Thus, in use, after translocation of the therapeutic agent into the cell, the 
linker is cleaved to release the therapeutic agent from the neuronal cell 
targeting domain. Other optional and preferred embodiments of the fourth 
aspect of the invention are as for the first-third aspects of the invention. 

A fifth aspeect of the invention provides a polypeptide comprising a 
bacterial SOD, or derivative thereof, and a sequence for targeting the 
polypeptide to a mitochondria, such as a human mitochondria. The 
polypeptide may be chemically obtained by synthesis of otherwise or may 
be a fusion protein, obtained for example by expression of a nucleotide 
coding for the polypeptide. 

The invention hence also provides, in a sixth aspect, a nucleotide encoding 
the polypeptide of the fifth aspect and in a seventh aspect a vector 
comprising the nucleotide of the sixth aspect. Also provided in an eigth 
aspect is a method of making a polypeptide according to the fifth aspect 
comprising expressing the nucleotide sequence of the sixth aspect, in a 
ninth aspect is provided a cell comprising the nucleotide sequence of the 
sixth aspect or the vector of the seventh. 

There now follows description of specific embodiments of the invention 
illustrated by drawings in which:- 

Fig. 1 shows schematic examples of novel Mn-SODs derived *rom 
B. stearothermophilus and B. caldotenax. Two examples of mitochondrial 
leader sequences are shown. In one example, a cysteine residue at position 
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7 has been mutated to a serine residue. This change enables the production 
of the construct of the invention without the formation of disutphide 
bridges in undesirable positions; 

Figure 2 shows schematic examples of novel Mn-SOD fusion 
proteins shewing the use of peptides and proteins to facilitate purification 
of the enzyme from the production strain. Various protein and peptide tags 
(such as histidine-6, S-peptide, maltose-binding protein, calmodulin-binding 
protein) may be fused to the Mn-SOD to allow rapid purification by affinity 
chromatography methods. Unique protease sites are incorporated between 
the purification tag and the Mn-SOD to enable removal of the tag after 
purification. Protein and peptide tags may be removed by treatment of the 
fusion protein with the relevant specific protease (e.g. factor Xa, thrombin, 
enterokinase); 

Fig. 3 shows a recombinant Mn-SOD construct of the invention. 
From the N-terminus of the protein, the construct consists of the following 
components:- (1) a mitochondrial leader (targeting) sequence, (2) a Mn- 
superoxide dismutase, (3) a loop which contains a unique protease site and 
which allows disulphide bridge formation, (4) a translocation domain, (5) 
a neuronal targeting domain. The construct is produced as a single 
polypeptide; subsequent cleavage with a protease specific for the 'unique 
protease site' contained within the loop region generates the di-chain 
construct. Purification tags could added to the constructs as exemplified 
in Figure 3; 

Fig. 4 shows the production of a Mn-SOD construct by chemical 
methods. The method uses a recombinant Mn-SOD, purified as described 
in Example 1 and coupled to a polypeptide containing the translocation and 
binding domains as described in Example 4; and 

Fig. 5 shows the results of an example to demonstrate the protective 
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effects of a construct of the invention on NG108 ceiis subjected to 
oxidative stress by the addition of 50pM duroquinone for four hours. 

The application is also accompanied by a sequence listing in which:- 

SEQ ID NO: 1 shows the amino acid sequence of Mn-SOD from B. 
caldotenax] 

SEQ ID NO: 2 shows the amino acid sequence cf Mn-SOD from B. 
s team therm op hit us ; 

SEQ !D NO: 3 shews the amino acid sequence of a construct of the 
invention comprising Mn-SOD from B. stearothermophilus , a linker 
that can be cleaved by thrombin; and a heavy chain derived from 
botulinum neurotoxin serotype A; 

SEQ ID NO: 4 shows the amino acid sequence of a construct of the 
invention comprising Mn-SOD from B. stearothermophilus , a linker 
that can be cleaved by thrombin, and a heavy chain derived from 
botulinum neurotoxin serotype B: 

SEQ ID NO: 5 shows the amino acid sequence cf a construct of the 
invention comprising Mn-SOD from B. stearothermophilus, a !*nker 
that can be cleaved by thrombin, and a heavy chain derived from 
botulinum neurotoxin serotype F; 

SEQ ID NO: 6 shows the amine acid sequence of a construct of the 
invention comprising a mitochondrial leader sequence from human 
Mr SOD, Mn-SOD from B. stearothermophilus , a linker that can be 
cleaved by thrombin, and a heavy chain derived from botulinum 
neurotoxin serotype A; 
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SEQ ID NO: 7 shows the amino acid sequence of a construct of the 
invention comprising a mitochondrial leader sequence from human 
Mn-SOD, Mn-SOD from B. stearothermophiius , a linker that can be 
cleaved by thrombin, and a heavy chain derived from botulinum 
neurotoxin serotype B; 

SEQ ID NO: 8 shows the amino acid sequence of a construct of the 
invention comprising a mitochondrial leader sequence from human 
Mn-SOD, Mn-SOD from B. stearothermophiius , a linker that can be 
cleaved by thrombin, and a heavy chain derived from botulinum 
neurotoxin serotype F; and 

SEQ ID NO: 9 shows the amino acid sequence for a polypeptide 
comprising a mitochondrial leader sequence from human Mn-SOD 
and Mn-SOD from B. stearothermophiius] 

SEQ ID NO: 1 0 shows the amino acid sequence of a modified human 
mitochondrial leader sequence; and 

SEQ ID NO: 1 1 shows an amino acid sequence of a modified human 
mitochondrial leader sequence. 

Example 1 . 

Production and purification of novel B. stearothermophiius 
Mn-SOD containing a mitochondrial leader sequence. 

Standard molecular biology protocols were used for all genetic 
manipulations {eg. Sambrook et ai 1989, Molecular Cloning a Laboratory 
Manual, Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, New York). A synthetic gene encoding the mitochondrial targeting 
sequence (amino acids 1-27) of the human Mn-SOD gene was cloned as 
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an Nde\ - Bam HI fragment into an expression vector so that the 
transcriptional start corresponds to the ATG codon within the Nde\ site. 
The Mn-SOD gene from B. stearothormophilus or B. caldotenax was 
amplified using PCR to give a Bg\\\ site corresponding to the leucine amino 
5 acid at position 5 at the 5' end, and a BamVW site outside the stop codon 

at the 3' end. This Bs\\\-BamH\ fragment was cloned into the expression 
vector carrying the mitochondrial targeting sequence (digested BamH\) to 
generate "in-frame" gene fusions. In addition to the wild type mitochondrial 
targeting sequence, a variant was constructed in which the cysteine at 
10 position 7 was changed to serine 



The recombinant Mn-SOD expressed in pET28a were produced with amino- 
terminal histidine (6 His) and T7 peptide tags allowing proteins to be 
purified by affinity chromatography on either a Ni 2+ charged column or an 

15 anti-T7 immunoaffinity column (Smith et al. 1988, Journal cf Biological 

Chemistry, 263: 721 1-7215). Incorporation of a factor Xa protease 
cleavage between the peptide tag and the expressed Mn-SOD allowed this 
to be removed after purification. Briefly, cultures cf E.coli BL21 (DE3) 
pET28a-Mn-S0D were grown in Terrific broth-kanamycin (30/ygmr 1 ) to an 

20 OD 6oo nm °* 2 - 0 ' and protein expression was induced by the addition of 

500/yM IPTG for approximately 2 h. Cells were lysed by freeze/thaw 
followed by sonication, lysates cleared by centrifugation and supernatants 
loaded onto an anion exchange column (MonoQ™ column on a Fast Protein 
Liquid Chromatography system; Pharmacia Biotech, Uppsala, Sweden). 

25 Eluted recombinant Mn-SOD W3s then desalted and further purified by 

affinity chromatography on a chelating sepharose column charged with Ni 2 + 
(Pharmacia Biotech, Uppsala, Sweden). After loading proteins onto the 
column and subsequent washing, the purified Mn-SOD was eluted with 
imidazole. All buffers used were as specified by the manufacturer 

30 

A 'maltose binding protein' purification tag was also employed for the 
purification of some batches of Mn-SOD. The use of this system is 
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described in detail in New England Biolabs Instruction Manual "Protein 
Fusion and Purification System" (ver 3.02). 

Other tags and protease cleavage site may also be incorporated into the 
sequence to facilitate purification of Mn-SOD as exemplified in Figure 2. 

For purification of a novel B. stearothermophilus Mn-SOD which was not 
conjugated to protein purification tag, the following procedure was used. 
After harvesting, cells were broken by high pressure homogenisation crude 
extracts were clarified by centrifugation and batch purified on DE-23 
cellulose. The fraction eluted with 0.4M NaCI contained the Mn-SOD. This 
fraction was then further purified by various chromatographic media using 
the following sequence:- 

DEAE-Sepharose ion exchange chromatography at pH 8.0; elution of 

the Mn-SOD with a NaCI gradient; 

hydroxylapatite chromatography at pH 6.8; elution of Mn-SOD with 
a phosphate gradient at pH 6.8; 

ion exchange chromatography on Q-Sepharose at pH 7.5; elution 
with a NaCI gradient; and 

gel filtration on Sephacryl S-200. 

The purified Mn-SOD may be dialysed against Hepes buffer (0.1M, pH7.4) 
containing 0.1 5M NaCI and stored at -80°C. 

Example 2. 

Preparation and purification of a recombinant Mn-SOD construct of the 
invention. 
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Standard molecular biology protocols were used for all genetic 
manipulations (eg, Sambrook eta/. 1989.. Molecular Cloning a Laboratory 
Manual, Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, New York). Various DNA fragments of the construct were 
5 generated using Recursive PCR reactions (Prodromou & Pearl 1 992, Protein 

Engineering, 5: 827-829) using self-priming oligonucleotides containing the 
desired sequence. For the expression of clostridial neurotoxin fragments the 
codon bias and GC/AT base ratio was adjusted for ease of expression in E. 
coli. Fragments were cloned sequentially into pLitmus 38 (New England 

10 Biolabs, Inc., Beverly, MA) to assemble the entire gene. Constructs for 

expression were sub-cloned into pET28b (Novagen Inc., Madison, Wt) 
replacing the £coR1 -H/ndWl fragment. The ligation reactions were 
transformed into E.coli DH5a (Life Technologies Inc., Gaithersburg, MD). 
Plasmid DNA was amolified, purified and screened for the presence of the 

1 5 appropriate sequence (Ausubel et al. 1 989, Current Protocols in Molecular 

Biology, John Wiley & Sons, New York). Gene constructions confirmed as 
possessing the correct sequences were then transformed into the 
expression host E. coli BL21 (DE3) (Studier & Moffatt 1986, Journal of 
Molecular Biology, 189: 113-130). 

20 

The recombinant constructs expressed in pET28 were Droduced with 
amino-terminal histidine (6 His) and T7 peptide tags allowing proteins to be 
purified by affinity chromatography on either a Ni 2+ charged column or an 
anti-T7 immunoaffinity column (Smith et al. 1988, Journal of Biological 

25 Chemistry, 263: 721 1 -721 5). Incorporation of a factor X protease cleavage 

between the peptide tags and the expressed Mn-SOD Constructs allowed 
these to be removed after purification. Briefly, cultures of E.coli BL21 
(DE3) pET28-Mn-SOD Construct were grown in Terrific broth-kanamycin 
(30 /ygmL 1 ) to an OD 500 nm of 2.0, and protein expression was induced by 

30 the addition of 500//M IPTG for approximately 2 h. Cells were lysed by 

freeze/thaw followed by sonication, lysates cleared by centrifugation and 
supernatants loaded onto an anion exchange column (MonoQ™ column on 
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a Fast Protein Liquid Chromatography system; Pharmacia Biotech, Uppsala, 
Sweden). Eluted recombinant Mn-SOD Construct was then desalted and 
further purified by affinity chromatography on a chelating sepharose 
column charged with Ni 2 + (Pharmacia Biotech, Uppsaia, Sweden). After 
5 loading proteins onto the column and subsequent washing, the purified 

Construct was eluted with imidazole. All buffers used were as specified by 
the manufacturer. 

A 'maltose binding protein' purification tag was also employed for the 
10 purification some batches of Mn-SOD Constructs, The use of this system 

is described in detail in New England Biolabs Instruction Manual "Protein 
Fusion and Purification System" (ver 3.02). 

It would also be evident to anyone skilled in the art that other tags and 
15 protease cleavage site may also be incorporated into the sequence to 

facilitate purification as exemplified in Figure 3. 

The amino sequences of several recombinant Mn-SOD constructs are 
shown in the sequence listing. 

20 

Example 3. 

Preparation of botulinum heavy chains by chemical methods. 

25 The various serotypes of the clostridial neurotoxins may be prepared and 

purified from various toxigenic strains of Clostridium botulinum and 
Clostridium tetani by methods employing standard protein purification 
techniques as described previously (Shone and Tranter 1995, Current 
Topics in Microbiology, 194, 143-160; Springer). Samples of botulinum 

30 neurotoxin (Irng/rnl) are dialysed against a buffer containing 50mM Tris- 

HCI pH S.O, 1 V! NaCl and 2.5M urea for at least 4 hours at 4°C and then 
made 1 OOmM with dithiothreitol and incubated for 1 6h at 22°C. The cloudy 
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solution which contains precipitated light chain is then centrifuged at 
1 5C00 x g for 2 minutes and the supernatant fluid containing the heavy 
chain retained and dialysed against 50mM Hepes pH 7.5 containing 0.2M 
NaCI and 5mM dithiothreitol for at least 4 hours at 4°C. The dialysed 
5 heavy chain is centrifuged at 1 5000 x g for 2 minutes and the supernatant 

retained and dialysed thoroughly against 50mM Hepes pH 7.5 buffer 
containing 0.2M NaCI and stored at -70°C. The latter procedure yields 
heavy chain >95% pure with a free cysteine residue which can be used 
for chemical coupling purposes. Biological (binding) activity of the heavy 
10 chain may be assayed as described in Example 5. 

The heavy chains of the botulinum neurotoxins may also be produced by 
chromatography on QAE Sephadex as described by the methods in Shone 
and Tranter (1995) (Current Topics in Microbiology, 194, 143-160; 
15 Springer). 

Example 4 

Production of Mn-SOD constructs by chemical methods 

20 

B. stearothermophilus Mn-SOD fused to a mitochondrial leader sequence 
was purified as described in Example 1 . The Mn-SOD was chemically 
modified by treatment with a 3-5 molar excess of N-succinimidy! 3-[2- 
pyridyldithio] propionate (SPDP) in 0.05M Hepes buffer pH 7.0 containing 

25 0.1M NaCI for 60 min at 22°C. The excess SPDP was removed by diaiysis 

against the same buffer at 4°C for 16h. The substituted SOD was then 
mixed in a 1:2.5 molar ratio with heavy chain purified from Clostridium 
bctulinum type A neurotoxin purified as described in Example 3 and 
incubated at 4°C for 16h. During the incubation period the Mn-SOD was 

30 conjugated to the botuiinum heavy chain fragment by free suiphydryl 

groups (see Figure 4). After incubation, the Mn-SOD-construct was purified 
by gel filtration chromatography on Sephadex G200. 



0C2S04 1 A 1 J > 



WO OC/28041 [>CT/GB99/03699 

- 24 - 

Constructs of the invention may also be formed by the above method using 
polypeptides containing the translocation and binding domains that have 
been produced by recombinant technology as outlined in Example 2. 

Example 5. 

Assay of the biological activity of constructs - 
demonstration of high affinity binding to neuronal cells. 

Clostridial neurotoxins may be labelled with 125-iodine using chloramine-T 
and its binding to various cells assessed by standard methods such as 
described in Evans eta/. 1986, Eur J. Biochem., 154, 40S or Wadsworth 
et ai 1990, Biochem. J. 268, 123). In these experiments the ability of 
Mn-SOD constructs to compete with native clostridial neurotoxins for 
receptors present on neuronal cells or brain synaptosomes was assessed. 
All binding experiments were carried out in binding buffers. For the 
botuiinum neurotoxins this buffer consisted of: 50mM HEPES pH 7.0, 
30mM NaCI, 0.25% sucrose, 0.25% bovine serum albumin. For tetanus 
toxin, the binding buffer was: 0.05M tris-acetate pH 6.0 containing 0.6% 
bovine serum albumin. In a typical binding experiment the radiolabeled 
clostridial neurotoxin was held at a fixed concentration of between 1- 
20nM. Reaction mixtures were prepared by mixing the radiolabeled toxin 
with various concentrations of unlabelled neurotoxin or construct. The 
reaction mixture were then added to neuronal cells or rat brain 
synaptosomes and then incubated at 0-3°C for 2hr. After this period the 
neuronal cells of synaptosomes were washed twice with binding ice-cold 
binding buffer and the amount of labelled clostridial neurotoxin bound to 
cells or synaptosomes was assessed by ^-counting. In an experiment using 
an Mn-SOD construct which contained the binding domain from botuiinum 
type A neurotoxin, the construct was found to compete with 125 l-labelled 
botuiinum type A neurotoxin for neuronal cell receptors in a similar manner 
to unlabelled native botuiinum type A neurotoxin. These data showed that 
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the construct had retained binding properties of the naiive neurotoxin. 



Example 6 

Assay of the biological activity of constructs - measurement of the Mn- 
SOD activity. 

Mn-SOD activity in samples and constructs was measured by a 
modification (BrehmefaA (1 991) Appl. Microbiol. Biotechnol., 36,358-363) 
of the procedure described by McCord and Fridovich (J. Biol Chem. 
(1969), 244, 6049-6055). Aliquots (20/vl) of samples or constructs 
containing Mn-SOD were added to 1ml of 0.05M potassium phosphate 
buffer pH 7.5 containing 1 x 10~ 4 M EDTA, 2.5 x 10 5 M ferricytochrorne C 
and 7 x 1 0" 3 M sodium xanthine in a thermostatted cuvette at 30°C. 
Sufficient xanthine oxidase was added to produce a rate of reduction of the 
ferricytochrorne C at 550nm of approx. 0.1 absorbance units/minute in the 
absence of Mn-SOD. Under these conditions the amount Mn-SOD that was 
required to reduce the rate of reduction of ferricytochrorne C by 50% was 
defined as one unit of activity. 

Using such assays the Mn-SOD activity within constructs was assessed. 
Example 7 

Demonstration of the targeting of Mn-SOD to the mitochondria of neuronal 
cells by constructs of the invention 

Mn-SOD construct containing the translocation and targeting domains 
derived from botulinum type A neurotoxin was incubated at various 
concentrations (0.01-10/yM final concentration) with a neuroblastoma cell 
line NG108. Incubations were carried out over a 6h period or overnight at 
37°C. In some experiments, construct radiolabeled with 125 iodine was 
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used. After incubation with the construct cells, were removed from culture 
flasks by gentle scraping and centrifuged at 200 x g. Cells were then 
resuspended in breaking buffer (0.6M mannitol, 20mM hepes pH 7.4 and 
1 mM phenylmethylsulphonyl chloride) and homogenised in a Dounce 
homogeniser. The homogenate was centrifuged at 200 x g for 5min and 
then the supernatant fluid recovered and centrifuged at 8000 x g for 
1 Omin. The 200 x g pellet (nuclear fraction) were pooled and resuspended 
in phosphate buffered saline. The 8000 x g pellets (mitochondrial fraction) 
were also pooled and resuspended in phosphate buffered saline. The 
supernatant fluid was saved and used to represent the cytosolic fraction. 

Analysis of the sub-cellular distribution of Mn-SOD was carried out by 
Western blot analysis and, where radiolabeled construct was used, by 
analysis of the 125 l-labelled construct components by ^-counting and by 
autoradiography of cell fractions which had been separated by 
electrophoresis on SDS-polyacrylamide gels. For Western blot analysis, 
proteins in the cell fractions were separated by electrophoreses on SDS- 
polyacrylamide gels and then transferred to nitrocellulose membrane as 
described previously (Towbin eta/. Proc.(1979) Natl. Acad. Sci. USA, 76, 
4350). The presence of Mn-SOD in protein bands on nitrocellulose 
membranes was assessed by incubation with rabbit anti- Mn-SOD antibody 
followed by washing and incubation with anti-rabbit peroxidase conjugate. 
Addition of peroxidase substrates (3,3', 5, 5'- tetramethyl benzidine and 
H 2 0 2 ) allowed visualisation and quantitation of the Mn-SOD in the various 
sub-cellular protein fractions. An enhanced chemiluminescence system 
(Amersham International) was also used in some experiments to increase 
the sensitivity. 

Example 8. 

Formulation of the Mn-SOD construct for clinical use. 



10 
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In a formulation of the Mn-SOD construct for clinical use, recombinant 
Mn-SOD construct would be prepared under current Good Manufacturing 
Procedures. The construct would be transferred, by dialysis, to a solution 
to give the product stability during freeze-drying. Such a formulation may 
contain Mn-SOD construct (10 mg/ml) in 5mM HEPES buffer (pH 7.2), 
50mM NaCI, 1 % lactose. The solution, after sterile filtration, would be 
aliquotted, freeze-dried and stored under nitrogen at -20°C. 

Example 9. 

Use of an Mn-SOD construct to treat stroke. 



In a typical case of a middle aged or elderly man diagnosed as suffering 
from stroke, treatment with an Mn-SOD construct would begin 

15 immediately, ideally within 6 hours of the stroke occurring. Doses of the 

Mn-SOD construct (e.g. 100mg) reconstituted in a sterile saline solution 
would be administered intravenously. Further doses of the construct would 
be administered daily for 5-10 days. Such a patient would be expected to 
display reduced levels of ischaemia/reperfusion damage as assessed by 

20 magnetic resonance imaging compared to a similarly affected patient 

receiving no treatment. Relative improvements to muscle strength and 
co-ordination (MRC motor score) would be expected to be observed over 
the subsequent 12 month period. 

25 Example 10. 

Method to Demonstrate Neuroprotection of Cells by MnSOD-Heavy Chain 
Conjugates 

30 Neuroblastoma cell line NG108-15 (Nature (1998) 336:p185 were seeded 

at a density of 3x1 0 4 oells/ml in 96 well micrctitre plates coated with poly- 
D-lysine. Plates were grown for 3 days at 37°C in a C0 2 incubator (5% C0 2 
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95% air) . MnSODor lead er-Mn SOD conjugates were prepared with purified 
heavy chain of botulinum neurotoxin serotype A (Bo NT/A HQ as described . 
The concentration of SOD was estimated and the conjugate diluted to give 
the specified amount of conjugate in a total volume of 200/vl serum free 
medium. Conjugate was added to wells in the presence or absence of 
56mM KCI, 2mM CaCI 2 . The cells were incubated with conjugate for 1 
hour. The conjugate was replaced with either serum free medium or serum 
free medium containing 50/yM duroquinone and incubated at 37°C for 4 
hours in the C0 2 incubator to induce oxidative stress. The media was 
removed after 4 hours and replaced with the dye 3-(4, 5-DimethyIthiazol-2- 
yl)-2,5-diphenyltetrazolium bromide (MTT) at a final concentration of 
0.25mg/ml in serum free medium and incubated for 2 hours (according to 
the method of Mattson, MP, et a/ (1995) Methods in Cell Biology 46:187 - 
21 6) T he conversion of MTT to formazan dye crystals has been shown to 
be related to mitochondrial respiratory chain activity (Musser, DA, and 
Oseroff, AR (1994) Journal of Immunology 59:621-626). MTT was 
removed and crystals solubilised with dimethylsulfoxide (DMSO). 
Absorbance at 570nm was measured using a Labsystems Multiskan Plus 
Mkll spectrophotometer and the results shown in Figure 5. 

Figure 5 shows that a construct of the invention was able to protect 
neuronal cells against the mitochondrial -focused oxidative stress produced 
by duroquinone. 

Example 1 1 . 

Preparation and purification of recombinant MnSOD and leader sequence 
MnSOD 

Standard molecular biology protocols were used for ail genetic 
manipulations (Sambrook et al 1989, Molecular cloning; A laboratory 
manual. Second Edition, Cold Spring Harbor Laboratory Press, New York.). 
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The MnSOD gene from either B. stearothermophilus or B.caldotenax was 
amplified by PGR to engineer a BamH\ site (resulting in the replacement of 
nucleotides 1-15). A synthetic oligonucleotide corresponding to the 
mitochondrial leader sequence of human MnSOD (bases 1-81 of the human 
5 gene) was subcloned into the Bam\-\i site to generate leader-MnSOD. PCR 

was used to add a Factor Xa cleavage site immediately adjacent to the 
methionine at the start of the leader sequence. Similarly a Factor Xa 
cleavage site was engineered immediately adjacent to the methionine at the 
start of the native MnSOD gene. Constructs were sequenced to confirm the 

10 presence of the correct sequence. Constructs for expression were 

subcloned into the expression vector pET28a (Novagen Inc, Madison, Wl) 
as an £coRI fragment and the orientation of the fragments checked. Clones 
with confirmed sequences were used to transform expression host E.coli 
BL21 (DE3) (Studier and Moffatt 1986 Journal of Molecular Biology 

15 189:1 1 3- 1 30). Examples 2 and 3 above provide detailed methods. 

The recombinant proteins expressed from pET28a contain amino-terminal 
histidire {6-His) and T7 peptide tags allowing proteins to be purified by 
affinity chromatography on either a Cu 2+ charged metal chelate column or 

20 an anti-T7 immunoaffinity column. Incorporation of the Factor Xa site 

between the peptide tags and the start of either MnSOD or leader MnSOD 
allows the precise removal of the peptide tags after purification. Cultures 
of E. coll BL2 1 (DE3) pET28a-MnSOD or BL21 (DE3) pET28a-leader-MnSOD 
were grown in Terrific Broth containing 30/yg/ml kanamycin and 0.5% (w/v) 

25 glucose to an OD 600 of 2.0 and protein expression was induced with 

500/yM IPTG for 2 hours. Cells were lysed by sonication, cell debris 
pelleted by centrifugation and the supernatant loaded onto a metal chelate 
column charged with Cu 2+ (Amersham-Pharmacia Biotech, Uppsala, 
Sweden). After loading proteins on the column and washing, proteins were 

30 eluted using imidazole. All buffers were used as specified by 

manufacturers. Factor Xa cleavage of the eluted protein was carried out 
according to manufacturers instructions. 
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The invention thus provides constructs and methods for delivery of SOD 
to neuronal cells. 
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CLAIMS 

1 , A composition for delivery of superoxide dismutase (SOD) to 
neuronal cells, comprising:- 

SOD; linked by a cleavable linker to 

a neuronal cell targeting component, comprising a first domain that 
binds to a neuronal cell and a second domain that translocates the 
SOD of the composition into the neuronal cell. 

2. A composition according to Claim 1 for delivery of SOD to 
mitochondria of neuronal cells wherein the SOD comprises a sequence 
targeting the SOD to mitochondria in the neuronal cell. 

3. A composition according to Claim 2 wherein the SOD is a hybrid of 
Mn-SOD and a sequence targeting the hybrid to mitochondria. 

4. A composition according to Claim 2 or 3 wherein the mitochondria 
targeting sequence is derived from hunrvan Mn-SOD. 

5. A composition according to any of Claims 1-4 wherein the SOD is 
bacterial SOD or is derived therefrom. 

6. A composition according to any of Claims 1 to 5 wherein the first 
domain is selected from (a) neuronal cell binding domains of clostridial 
toxins; and (b) fragments, variants and derivatives of the domains in (a) 
that substantially retain the neuronal cell binding activity of the domains of 
(a). 

7. A composition according to any Claims 1 to 6 wherein the second 
domain is selected from (a) domains of clostridial neurotoxins that 
translocate polypeptide sequences into cells, and (b) fragments, variants 
and derivatives of the domains of (a) that substantially retain the 
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translocating activity of the domains of (a). 
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8. A composition according to any of Claims 1 to 7 wherein the linker 
is a disulphide bridge. 

9. A pharmaceutical composition for treatment of oxidative damage to 
neuronal cells comprising a composition according to any of Claims 1 to 8 
and a pharmaceutical^ acceptable carrier. 

10. A method of delivering SOD to a neuronal cell comprising 
administering a composition according to Claim 9. 

11. A method according to Claim 10 comprising injecting the 
composition. 

12. A method of making a composition according to any of Claims 1 to 
8 comprising chemically linking SOD, a linker and a neuronal cell targeting 
component. 

13. A method of making a composition according to any of Claims 1 to 
8 comprising expressing a DNA that codes for a polypeptide having SOD 
activity, a linker, and a neuronal cell targeting component. 

14. A method according to claim 13 wherein the polypeptide further 
comprises a purification sequence and the method further comprises 
purifying the polypeptide and then cleaving the polypeptide to remove the 
purification sequence to leave SOD, the linker and the neuronal cell 
targeting component. 

15. A composition for delivery of a therapeutic agent to neuronal cells, 
comprising:- 
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the therapeutic agent; linked by a cieavable linker to 
a neuronal cell targeting component, comprising a first domain that 
binds to a neuronal cell and a second domain that translocates the 
therapeutic agent of the composition into the neuronal cell. 

5 

16 A polypeptide comprising a bacteria! SOD or derivative thereof and 
a sequence for targeting the polypeptide to a human mitochondria. 

17. A polypeptide according to Claim 16 wherein the SOD is from 
1 0 Bacillus. 

18. A polypeptide according to Claim 1 6 or 17 which is a fusion protein. 

19. A nucleotide encoding the polypeptide of any of Claims 16-18. 

15 

20. A vector comprising the nucleotide of Claim 19. 

21 . A method of making a polypeptide according to any of Claims 16-18 
comprising expressing the nucleotide sequence of Claim 19. 

20 

22. A ce! ! comprising the nucleotide sequence of Claim 1 9 or the vector 
of Claim 20. 
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SEQUENCE LISTING 

<110> Microbiological Research Authority 
5 HALL IS , Bassam 

SILMAN, Nigel 
SHONE, Clifford Charles 
SUTTON , John Mark 

10 <120> Delivery of Superoxide Dismutase :o IJeurcnal Cells 

<130> 20994 -SOD-heavy chain conjugates 

<140> 

15 <141> 

<150> GB 9824282 . 9 
<151> 1993-11-05 

20 <16C> 11 

<170> Patentln Ver . 2.1 

<210> 1 
25 <211> 204 

<212> PRT 

<213> Bacillus caldotenax 
<400> 1 

30 Met Pro Phe Glu Leu Pro Ala Leu Pro Tyr Pro Tyr Asp Ala Leu Glu 

15 10 15 



35 



50 



65 



Pro His lie Asp Lys Glu Thr Met Asn lie His His Thr Lys His His 

20 25 30 

Asn Thr Tyr Val Thr Asn Leu Asn Ala Ala Leu Glu Gly His Pro Asp 

35 40 45 



Leu Gin Asn Lvs Ser Leu Glu Glu Leu Leu Ser Asn Leu Glu Ala Leu 

40 50 " 55 60 

Pro Glu Ser lie Arg Thr Ala Val Arg Asn Asn Gly Glv Gly His Ala 

65 70 75 * 80 

45 Asn His Ser Leu Phe Trp Thr lie Leu Ser Pro Asn Gly Gly Gly Glu 

85 90 95 



Pro Thr Gly Glu Leu Ala Glu Ala lie Asn Lys Lys Phe Gly Ser Phe 

100 105 * 110 

Thr Ala Phe Lys Asp Glu Phe Ser Lys Ala Ala Ala Gly Arg Phe Gly 

115 120 125 



Ser Gly Trp Ala Trp Leu Val Val Asn Asn Gly Glu Leu Glu lie Thr 

55 130 135 14C 

Ser Thr Pro Asn Gin Asp Ser Pro lie Met Glu Gly Lys Thr Pro lie 

145 150 155 160 

60 Leu Gly Leu Asp Val Trp Glu His Ala Tyr Tyr Leu Lys Tyr Gin Asn 

165 * 170 175 



Arg Arg Pro Glu Tyr lie Ala Ala Phe Trp Asn He Val Asn Trp Asp 

180 185 190 

Glu Val Ala Lys Arg Tyr Ser Glu Ala Lys Ala Lys 
195 200 
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<210> 2 
<211> 204 
5 <212> PRT 

< 2 1 3 > Bacillus stearo thermophilics 

<400> 2 

Met Pro Phe Glu Leu Pro Ala Leu Pro Tyr Pro Tyr Asp Ala Leu Glu 
10 1 5 10 15 

Pro His lie Asp Lvs Glu Thr Met Asn lie Kis His Thr Lys His His 
20 " 25 30 

15 Asn Thr Tyr Val Thr Asn Leu Asn Ala Ala Leu Glu Gly His Pro Asp 

35 40 45 



20 



35 



Leu Gin Asn Lys Ser Leu Glu Glu Leu Leu Ser Asn Leu Glu Ala Leu 

50 55 60 

Pro Glu Ser lie Arc Thr Ala Val Arg Asn Asn Gly Gly Gly His Ala 

65 " 70 75 80 



Asn His Ser Leu Phe Trp Thr lie Leu Ser Pro Asn Gly Gly Gly Glu 

25 85 90 95 

Pro Thr Gly Glu Leu Ala Asp Ala He Asn Lys Lys Phe Gly Ser Phe 

100 105 110 

30 Thr Ala Phe Lvs Astd Glu Phe Ser Lys Ala Ala Ala Gly Arg Phe Gly 

115 " " 120 125 



Ser Gly Trp Ala Trp Leu Val Val Asn Asn Gly Glu Leu Glu He Thr 

130 135 140 

Ser Thr Pro Asn Gin Asp Ser Pro He Met Glu Gly Lys Thr Pro He 

145 150 155 160 



Leu Giv Leu Asp Val Trp Glu His Ala Tyr Tyr Leu Lys Tyr Gin Asn 
40 ^ 165 170 175 

Arg Arg Pro Glu Tyr He Ala Ala Phe Trp Asn Val Val Asn Trp Asp 

180 185 190 

45 Glu Val Ala Lys Arg Tyr Ser Glu Ala Lys Ala Lys 

195 ' 200 



50 <210> 3 

< 2 1 1 > 1067 
<212> PRT 

<213> Artificial Sequence 

55 <220> 

<223> Description of Artificial Sequence : construe t 

<400> 3 

Met Pro Phe Glu Leu Pro Ala Leu Pro Tyr Pro Tyr Asp Ala Leu Glu 
60 1 5 10 15 

Pro His He Asp Lvs Glu Thr Met Asn He His His Thr Lys His His 
2 0 2 5 3 0 

65 Asn Thr Tyr Val Thr Asn Leu Asn Ala Ala Leu Glu Gly His Pro Asp 

35 40 45 
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Leu Gin Asn Lys Ser Leu Glu Glu Leu Leu Ser Asn Leu Glu Ala Leu 
50 ' 55 6C 

Pro Glu Ser lie Arg Thr Ala Val Arg Asn Asn Gly Gly G I y His Ala 
65 70 75 8C 

Asn His Ser Leu Phe Trp Thr lie Leu Ser Pro Asn Gly Gly Gly Glu 
85 90 95 

Pro Thr Gly Glu Leu Ala Asp Ala lie Asn Lys Lys Phe Gly Ser Phe 
100 105 lib 

Thr Ala Phe Lys Asp Glu Phe Ser Lys Ala Ala Ala Gly Arg Phe Gly 
115 120 125 

Ser Gly Trp Ala Trp Leu Val Val Asn Asn Gly Glu Leu Glu lie Thr 
130 * 135 140 

Ser Thr Pro Asn Gin Asp Ser Pro lie Met Glu Gly Lys Thr Pro lie 
145 150 155 160 

Leu Gly Leu Asp Val Trp Glu His Ala Tyr Tyr Leu Lys Tyr Gin Asn 
165 170 175 

Arg Arg Pro Glu Tyr lie Ala Ala Phe Trp Asn Val Val Asn Trp Asp 
180 185 ISO 

Glu Val Ala Lys Arg Tyr Ser Glu Ala Lys Ala Lys Gin Arg Ser Cys 
195 200 205 

Gly Leu Val Pro Arg Gly Ser Gly Pro Gly Ser Ala Leu Asn Asp Leu 
210 215 220 

Cys lie Lys Val Asn Asn Trp Asp Leu Phe Phe Ser Pro Ser Glu Asp 
225 230 235 240 

Asn Phe Thr Asn Asp Leu Asn Lys Gly Glu Glu lie Thr Ser Asp Thr 
245 250 255 

Asn lie Glu Ala Ala Glu Glu Asn lie Ser Leu Asp Leu lie Gin Gin 
260 265 270 

Tyr Tyr Leu Thr Phe Asn Phe Asp Asn Glu Pro Glu Asn lie Ser lie 
275 280 285 

Glu Asn Leu Ser Ser Asp lie lie Gly Gin Leu Glu Leu Met Pro Asn 
290 295 ^ 300 

lie Glu Arg Phe Pro Asn Gly Lys Lys Tyr Glu Leu Asp Lys Tyr Thr 
305 310 315 320 

Met Phe His Tyr Leu Arg Ala Gin Glu Phe Glu His Gly Lys Ser Arg 
325 330 335 

lie Ala Leu Thr Asn Ser Val Asn Glu Ala Leu Leu Asn Pro Ser Arg 
340 345 350 

Val Tyr Thr Phe Phe Ser Ser Asp Tyr Val Lys Lys Val Asn Lys Ala 
355 360 365 

Thr Glu Ala Ala Met Phe Leu Gly Trp Val Glu Gin Leu Val Tyr Asp 
370 375 380 

Phe Thr Asp Glu Thr Ser Glu Val Ser Thr Thr Asp Lys He Ala Asp 
385 390 395 400 

He Thr He He He Pro Tyr He Gly Pro Ala Leu Asn He Gly Asn 
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405 



410 



415 



Met Leu Tyr Lys 
420 

Val He Leu Leu 
435 

Thr Phe Ala Leu 
450 

Thr lie Asp Asn 
465 

Tyr Ly s Tyr lie 



Asp Leu lie Arg 
500 

Ala Thr Lys Ala 
515 

Glu Lys Asn Asn 
530 

Asn Glu Ser lie 
54 5 

Gin Cys Ser Val 



Asp Asp Phe Val 



Glu Phe lie Pro 
440 

Val Ser Tyr lie 
4 55 

Ala Leu Ser Lys 
470 

Val Thr Asn Trp 
485 

Lys Lys Met Lys 



lie lie Asn Tyr 
520 

lie Asn Phe Asn 
535 

Asn Lys Ala Met 
550 

Ser Tyr Leu Met 
565 



Gly Ala Leu lie 
425 

Glu lie Ala lie 



Ala Asn Ly? Val 
460 

Arg Asn Glu Lys 
475 

Leu Ala Lys Val 
490 

Glu Ala Leu Glu 
505 

Gin Tyr Asn Gin 



lie Asp Asp Leu 
540 

lie Asn lie Asn 
555 

Asn Ser Met lie 
570 



Phe Ser Gly Ala 
4 3 0 

Pro Val Leu Gly 
445 

Leu Thr Val Gin 



Trp Asp Glu Val 
480 

Asn Thr Gin lie 
495 

Asn Gin Ala Glu 
510 

Tyr Thr Glu Glu 
525 

Ser Ser Lvs Leu 



Lys Phe Leu Asn 
560 

Pro Tyr Gly Val 
575 



Lvs Arg Leu Glu Asp Phe Asp Ala Ser Leu Lys Asp Ala Leu Leu Lys 
580 *" 585 * 590 

Tyr lie Tyr Asp Asn Arg Gly Thr Leu lie Gly Gin Val Asp Arg Leu 
595 600 605 

Lys Asp Lys Val Asn Asn Thr Leu Ser Thr Asp lie Pro Phe Gin Leu 
610 615 620 

Ser Lys Tyr Val Asp Asn Gin Arg Leu Leu Ser Thr Phe Thr Glu Tyr 
625 630 635 640 

lie Lys Asn lie lie Asn Thr Ser lie Leu Asn Leu Arg Tyr Glu Ser 

645 650 ' 655 

Asn His Leu lie Asp Leu Ser Arg Tyr Ala Ser Lys lie Asn lie Gly 
660 * 665 670 

Ser Lys Val Asn Phe Asp Pro lie Asp Lys Asn Gin He Gin Leu Phe 
675 680 685 

Asn Leu Glu Ser Ser Lys He Glu Val lie Leu Lys Asn Ala He Val 
690 " 695 700 

Tyr Asn Ser Met Tyr Glu Asn Phe Ser Thr Ser Phe Trp He Arg He 
705 710 715 720 

Pro Lys Tyr Phe Asn Ser He Ser Leu Asn Asn Glu Tyr Thr He He 

725 730 735 

Asn Cys Met Glu Asn Asn Ser Gly Trp Lys Val Ser Leu Asn Tyr Gly 
740 745 750 

Glu lie lie Trp Thr Leu Gin Asp Thr Gin Glu He Lys Gin Arg Val 
755 760 765 
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Val Phe Lys Tyr Ser Gin Met lie Asn lie Ser Asp Tyr lie Asn Arg 
770 775 7S0 

Trp lie Phe Val Thr lie Thr Asn Asn Arg Leu Asn Asn Ser Lvs He 
785 790 735 " 800 

Tyr He Asn Gly Arg Leu He Asp Gin Lys Pro He Ser Asn Leu Gly 
805 810 815 

Asn He His Ala Ser Asn Asn He Met Phe Lvs Leu Asd Glv Cvs Arg 
820 625 "* * 830 

Asp Thr His Arg Tyr lie Trp He Lys Tyr Phe Asn Leu Phe Asp Lys 
835 840 645 

Glu Leu Asn Glu Lys Glu He Lys Asp Leu Tyr Asp Asn Gin Ser Asn 
850 " 855 ' 860 

Ser Gly He Leu Lys Asp Phe Trp Gly Asp Tyr Leu Gin Tyr A.sp Lys 
865 870 875 88 0 

Pro Tyr Tyr Met Leu Asn Leu Tyr Asp Pro Asn Lys Tyr Val Asp Val 
885 * 890 895 

Asn Asn Val Gly He Arg Gly Tyr Met Tyr Leu Lys Gly Pro Arg Gly 
900 905 910 

Ser Val Met Thr Thr Asn He Tyr Leu Asn Ser Ser Leu Tyr Arg Gly 
915 920 925 

Thr Lys Phe He He Lys Lys Tyr Ala Ser Gly Asn Lvs Aso Asn He 
930 935 940 

Val Arg Asn Asn Asp Arg Val Tyr He Asn Val Val Val Lys Asn Lys 
945 950 955 960 

Glu Tyr Arg Leu Ala Thr Asn Ala Ser Gin Ala Gly Val Glu Lys He 
965 970 975 

Leu Ser Ala Leu Glu He Pro Asp Val Gly Asn Leu Ser Gin Val Val 
980 985 990 

Val Met Lys Ser Lys Asn Asp Gin Gly He Thr Asn Lys Cys Lys Met 
995 1000 1005 

Asn Leu Gin Asp Asn Asn Gly Asn Asp He Gly Phe He Gly Phe His 
1010 1015 1020 

Gin Phe Asn Asn He Ala Lys Leu Val Ala Ser Asn Trp Tyr Asn Arg 
1025 1030 * 1035 1040 

Gin He Glu Arg Ser Ser Arg Thr Leu Gly Cys Ser Trp Glu Phe He 
1045 1050 1055 

Pro Val Asp Asp Gly Trp Gly Glu A.rg Pro Leu 
1060 1065 



< 2 1 0 > 4 
<211> 1070 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : construct 
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10 



25 



40 



55 



<400> 4 

Met Pro Phe Glu Leu Pro Ala Leu Pro Tyr Pro Tyr Asp Ala Leu Glu 
15 1C 15 

Pro His lie Asp Lys Glu Thr Met Asn He His His Thr Lys His His 
20 25 30 

Asn Thr Tyr Val Thr Asn Leu Asn Ala Ala Leu Glu Gly His Pro Asp 
3 5 4 0 4 5 

Leu Gin Asn Lys Ser Leu Glu Glu Leu Leu Ser Asn Leu Glu Ala Leu 
50 55 60 



Pro Glu Ser He Arg Thr Ala Val Arg Asn Asn Gly Gly Gly His Ala 

15 65 70 75 80 

Asn His Ser Leu Phe Trp Thr He Leu Ser Pro Asn Gly Gly Gly Glu 

85 90 95 

20 Pro Thr Gly Glu Leu Ala Asp Ala He Asn Lys Lys Phe Gly Ser Phe 

100 ' 105 lib 



Thr Ala Phe Lys Asp Glu Phe Ser Lys Ala Ala Ala Gly Arg Phe Gly 

115 " 120 125 

Ser Gly Trp Ala Trp Leu Val Val Asn Asn Gly Glu Leu Glu He Thr 

130 135 140 



Ser Thr Pro Asn Gin Asp Ser Pro He Met Glu Gly Lys Thr Pro He 

30 145 150 155 160 

Leu Gly Leu Asp Val Trp Glu His Ala Tyr Tyr Leu Lys Tyr Gin Asn 

165 170 175 

35 Arg Arg Pro Glu Tyr He Ala Ala Phe Trp Asn Val Val Asn Trp Asp 

180 185 190 



Glu Val Ala Lys Arg Tyr Ser Glu Ala Lys Ala Lys Gin Arg Ser Cys 

195 200 205 

Gly Leu Val Pro Arg Gly Ser Gly Pro Gly Ser Lys Ala Pro Gly He 

210 215 220 



Cys He Asp Val Asp Asn Glu Asp Leu Phe Phe He Ala Asp Lys Asn 
45 225 * 230 235 240 

Ser Phe Ser Asp Asp Leu Ser Lys Asn Glu Arg He Glu Tyr Asn Thr 

245 " 250 * 255 

50 Gin Ser Asn Tyr He Glu Asn Asp Phe Pro He Asn Glu Leu He Leu 

260 265 270 



Asp Thr Asp Leu He Ser Lys He Glu Leu Pro Ser Glu Asn Thr Glu 

275 ' 280 285 

Ser Leu Thr Asp Phe Asn Val Asp Val Pro Val Tyr Glu Lys Gin Pre 

290 295 300 



Ala He Lys Lys He Phe Thr Asp Glu Asn Thr He Phe Gin Tyr Leu 

60 305 310 " 315 320 

Tyr Ser Gin Thr Phe Pro Leu Asp He Arg Asp He Ser Leu Thr Ser 

325 330 335 

65 Ser Phe Asp Asp Ala Leu Leu Phe Ser Asn Lys Val Tyr Ser Phe Phe 

34 0 34 5 350 
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Ser Met Asp Tyr lie Lys Thr Ala Asn Lvs Val Val Glu Ala Glv Leu 
355 " 360 " 365 

Phe Ala Gly Trp Val Lys Gin lie Val Asn Asp Phe Val He Glu Ala 
370 375 * 380 

Asn Lys Ser Asn Thr Met Asp Lys He Ala Asp He Ser Leu He Val 
385 390 395 400 

Pro Tyr He Gly Leu Ala Leu Asn Val Gly Asn Glu Thr Ala Lvs Glv 
405 410 415 

Asn Phe Glu Asn Ala Phe Glu He Ala Glv Ala Ser He Leu Leu Glu 
420 425 " 430 

Phe He Pro Glu Leu Leu He Pro Val Val Gly Ala Phe Leu Leu Glu 
435 ■ 440 445 

Ser Tyr He Asp Asn Lys Asn Lys He He Lys Thr He Asp Asn Ala 
450 455 " 460 

Leu Thr Lys Arg Asn Glu Lys Trp Ser Asp Met Tyr Gly Leu He Val 
465 470 475 480 

Ala Gin Trp Leu Ser Thr Val Asn Thr Gin Phe Tyr Thr He Lys Glu 
485 490 495 

Gly Met Tyr Lys Ala Leu Asn Tyr Gin Ala Gin Ala Leu Glu Glu He 
500 505 510 

He Lys Tyr Arg Tyr Asn He Tyr Ser Glu Lys Glu Lys Ser Asn He 
515 520 525 

Asn He Asp Phe Asn Asp He Asn Ser Lys Leu Asn Glu Gly He Asn 
530 535 540 

Gin Ala He Asp Asn He Asn Asn Phe He Asn Gly Cys Ser Val Ser 
545 550 555 560 

Tyr Leu Met Lys Lys Met He Pro Leu Ala Val Glu Lys Leu Leu Astd 
565 570 575 

Phe Asp Asn Thr Leu Lys Lys Asn Leu Leu Asn Tyr He Asp Glu Asn 
580 585 590 

Lys Leu Tyr Leu He Gly Ser Ala Glu Tyr Glu Lys Ser Lys Val Asn 
595 600 605 

Lys Tyr Leu Lys Thr He Met Pro Phe Asp Leu Ser He Tyr Thr Asn 
610 615 620 

Asp Thr He Leu He Glu Met Phe Asn Lys Tyr Asn Ser Glu He Leu 
625 630 635 640 

Asn Asn He He Leu Asn Leu Arg Tyr Lys Asp Asn Asn Leu He Asp 
645 " 650 655 

Leu Ser Gly Tyr Gly Ala Lys Val Glu Val Tyr Asp Gly Val Glu Leu 
660 665 670 

Asn Asp Lys Asn Gin Phe Lys Leu Thr Ser Ser Ala Asn Ser Lys lie 
675 680 685 

Arg Val Thr Gin Asn Gin Asn He He Phe Asn Ser Val Phe Leu Asp 
690 695 700 

Phe Ser Val Ser Phe Trp He Arg He Pro Lys Tyr Lys Asn Asp Gly 
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<22 0> 

<223> lieecr-ipt ion of Ai"tif iciai 3r-qucn.ee- human 
Tiiitochondr inl ^^der eequ&ncE< 

5 </lDG> 11 

Mc-t- Lr^u Eei Axg Ala Val CyC Oly Thr £er Arg Gin Leu Al* Pro Rlx 
1 5 iO 1? 

Leu Gly Tyx L-ecu Gly Sex Ax-p Oaii 
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Leu Glv Tyx Leu Gflv Ser Are Qln lya Hie Sei Arg Gly Ser Pro Ala 

2u ' 25 30 

Leu Pro Tyr Pio Tyr Asp Ala l^u Glu Pre kIb lie Aap Lye Glu Thr 

5 35 ^ 45 

>Vit Aen lie Hie Hie Thr lry» Kis HiE Aan Thr Tyr- Val rhr Aen Leu 

50 5-5 €0 

10 A Bn Ala L^U Glu Gly Hia Pro Asp Leu Gin Apr Lye £err *L£u QIll 

t 1 5 " 70 75 BO 



15 



30 



35 



60 



Glu Leu Leu 3c-r A*n Leu Glu Ala Leu Pro Glu S^r Tic Arg Thr Ala 

Val Arq Aen Asn Gly Gly Gly HiB Ala Aen His Ser L*=u The Trp Th.Tr 
LOO 1D5 I1D 



lie Leu 3er Pro Asn Gly Ely Gly Glu £xo Thr Giy Glu Leu Ala Asp 
20 115 120 125 

Ala 2l« Asrj Lys Lys Pnc Gly Fh* rhr Ala Phe Lye Aep G-iu Pbe 

25 Ber Lye Ala Ala Ala Gly Axo Fhe Gly Ser Gly Trp Als Trp L-eu val 

1^5 15 0 Itv 



V»l Asr, AB:n Gly Glu L-eu Glu lie Thr Eer Tbr Pro Aen Din Aep Ear 

165 1"70 17£ 

p ro xitt Jflet Glu Glv Lve ¥hr Pro 11c Ley Gly litu Aep Val Trp Glu 

1B0 ' " 1S5 190 

Kia Ala Tvr Tyr L»eu Lye Tyr Gin Asn Arg Arg Pro Glu Tyr He Ala 

1P5 ' 2 DO 205 

Ala Phr: Trp Asn Val Val Aen Trp Asp Glu Val AlA Lys Ary Tyr ser 
210 215 2-2:0 



40 Glu Ala Lys Ala Lye 



45 *21P> 1.0 

<2ll> ^4 
-212- FET 

^213i- Art- if lei ia 1 Sequence 

50 ^220^ , , 

<223> Pre crip tLo-rt of Artificial SerjuMicc * Tncdifj.^ hurru^n 
rftitocondrial leader f;etiue:fic« 

<4 0Q> 10 

55 Met L-~u Ser Arg- Ala Val Scr Giy Thr Eer- Arq Gin Leu Ala Pro Al^ 

1 S 10 15 



Leu Gly Tyr Lev. Gly Ser Arg Gin 
2 0 



-c210> 11 
<211> 24 
65 -:212> PET 



;213> Artificial Sequence 



BNSDOCiD <WO 0028041A1TI_> 



- 21 * 

V.3I rbr lie T'hr Aan Aan Arg Leu Gly Aan ser Arg lie Tyr lie Aan 
B2Q 82 S " e5 n 

Oiy Aatn Leu lie Asp C51u Itys Ser lit: Ser Aerj lieu Gly Aep lie- hlb 

Val Sfr-Y Asp Asn lie Leu Phc Ly3 li-e Val Gly eye Atni 7^p Tnr Mc 
fiSO B55 HhKU 

Tyr Vsl Gly lie Arg Tyr Fbe Lya Val Phc Asp Thr Glu Lc.u Ely Lye 

&65 6^0 h7S E:hu 

Thr Glu lie Glvi Tbr l,eu Tyx Ser Asp GQu Pro Asp Pre Gcr lie ]_*cu 

Lys Asp Phc- Trp Gly Ae*i Tyx L^u Leu Tyr Asm Lye Arg Tyr Tyr Lev- 
goo 90S siD 

Leu Asn Leu Leu Arg Thr Ajap Lye Ser lie Thr Gin Asn Ser Asn Fbe 
PIE 320 32 5 

Lev Apr, lie Aen Gin -Gin Aro Gly V$l1 Tyr Gin Lya Pvc- Aeii lie Pbe 

ecx A^rt Tbr Arg Leu Tyr T'hr Gly VaL <3lu Val 11^ He Arg Lye Aen 

•Gly Scr Thr Asp J.Le Ser A an Thr Asp ASA P>ift Val Azr$ Lyr- A^n Afip 
5>65 37 0 97B 

Leu A.1^ Tvt lie Aei'j Val Val Asp Arg: Aap Vol Olu Tyr Arq Leu Tyr 

5-65 950 

Ala A&p 11c lift Ala L.ys Pro Glu Lye 11* lie* Lys Leu 1 1c Arg 

£5 5 iGOD 100 5 

Thr £ar Asn 9cr Aco Aan Eei Leu Gly Gin lie lie Val Met Asp B^r 
LQlEi 1015 1D20 

rle Gly Aan A an 'IJyc Thi- Mat Asn Phe C-'lrj A&n Asn Asn <31y Gly Aexj 
1025 L03D 1035 1D4C- 

lie Gly Lev: Leu <31y Phe Hi a Ser Aejtj Asn Leu V&l Ala Gcr 3^r Trp 
iO*jf. LuEO ID 5 5 

Tyr Tyr A&rj Abu 11a Arg Lyf? Agn Tbr Eei 5e:r Asn Gly Cye Phe Trp' 
10EP 1055. 1070 

tc^x- Phe lie &ej: Lys Glu His ttly Trp Gin Glu Asn 
1 0 ?£ IDS 0 



<210> S 
<211> 22 S" 
-:212> PF.T 

<212-> Artificial Sequence 
- 2 ^ 0 j 

2 2 'i > rescript ion of :u-t if icia} a^-cjva^ce = polypeptide 

comprieing a mi tochcjjisirlal iasder from human MnyOL 
and B. Stearothexcnophi lut SOD 

^ 0 f J > g 

Met Lou Arg Ala VeI Cya Gly Tbr Ser Arg Gin Leu Ala Pro Ala 

! S 10 IS 
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4£ 0 4S5 a'£D 

Lr.u Leu lie Pro Thr lie Le-O Val Pbe Thr lie Lye Sex Fhe lie Gly 

46S ^75 4B0 

5 

3*r Scr Gt'.i A^n Lye Asn Lvi- lie lie Lys Ala He Ji^n Aeu Ser Leu 

Met C51u Arg Glu Thr Lye Trp Lys Glu lie- Tyr S-er TXp lie VH fier 

A&n Tip Leu Thr Arg He A en Thr £ln Fhe Abh Lys Ar-P Lys Glu 31 n 
5 IS B2D 

15 Met Tyr Gin Ala Leu <31H Aen Gin Val Aep Ala lie Ly& Tbr Val Ho 

530 535 540 



20 



35 



50 



55 



Gin Tyr- Lye Tyr Abu A^n Tvr Thr S«r Aep Glu Arci A&n Arg lieu Glu 
&4 5 55 0 * 55?- S€P 

err Qlii Tyr A en He A3n Asn Tie- Arg Qlu Qlu Leu Af>rt Ly;; Lyi? Val 



Se-r Lev Ala Wet Glu Aan He Glu Atq Phe Jlv Ihr Glu Eer Sex 3 let 

25 5B5 5S-D 

Fhe Tyi- Leu Met Lye Leu He Aan Glu Ala Lys Val fier LyB Leu Axg- 

59 5 -SOU b 05 

30 Glu Tyr Aep Glu Gly Val Ly* Qlu Tyr Leu leu Aep- Tyr He Sex Glu 

SID 615 62D 



Hie Arg Ser He Leu Gly Apt* Ser Val Gin Glu Leu Aen Asp Leu Val 

Thr ser Thr Leu Asn Abtj Per II^ Pro Pbe Glu Leu Per Ser Tyr Thr 
64 E €5& 



Ae-i-i AEp Lvs Tie L«?u lie Leu Tyr Phe Aer± Lye L^u Tyr Lys Lye He 

40 ' eto evo 

Lv3 Asp A&ri Ser He Leu AEp Wet Arq Tv-t: Glu Aim Aen Lyr- Fht- lie 

675 SSD " CBS 

45 A??p He oc53- Gly Tyr Gly Sex Asn lie Se-r He Asn Gly Asp Val Tvt- 

£90 ' <5S5 700 



Il-e Tyr Set Thr- Asm Arg Aim -Sin Ph<? Giy lie Tyr 3*er Ser Lys Pro 

TO 5 TIC 715 7 2D 

Bar Glu V*l Asrt He Ala Gin Aan Asp lie He Tyr Asn GJ.y Ary 

725 "30 7 3 5 



Tyr Gin ABn Phe Ssr Tie- Phe Txp Val Arq He Pre Lys l'yx Phe 

55 7*0 745 75D 

Aen Lye Val Aen Leu Asn Asn Glu Tyr Thr He He Aep Cy E He Axg 
755 7b0 76S 

60 Asij Asn Asn Zvx Qly Ttrp LyB lie £er Leu Af.n Tyr Aen Lya He lie 

770 77& 7eo 



Trp Thr Leu 01 A Aep Thr Ala Gly Asn Aen gin Lye Leu Val Phe A&rj 

7 £5 7 2C* 9 

Tyx Thr Gin Hcb lie Ser- lie £:er Asp T>-r lie Asn Lyi? Trp He Phe 

ftn& olO 615- 
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Val Arg .^sn Asn Giy Giy Gly : j ie Ala A^n Hie. itr Leu Phe Trp Thzr 
1DQ 105 110 

Tift Leu Ser Pro Aan Giy Giy Giy Glu Pro Thr Giy Glu Leu Ala Aep- 
115 liO 12S 

Aia lie A*sn Lye Lye Phe Glv Her Phe Thr Als. Phc Lyri Asp Glu Phe 
130 3-^ i*G 

Ser Lva Ala Ala Al* Giy Arg Phe Giy Ser C-iy Trp Ala Trp Leu V^L 
14 5- * 150 3-5- 16 D 

Val Aen Aon Glv Glu Leu Glu lie Thr Se-r Thr Pro As*. Gin Acp Se-z 
i55 170 175 

Pro 21* Mec Glu Giy Lys Thr Pro lie L*u Giy Lr:^ Ar.p V&l Trp Glu 
130 * 105 l_^n 

Hi 3 Ala Tyr Tyr leu Lys Tyr Sin Aarj Arg Arg Pro Glu Tyr lie Ala 

Ala Phe Trp Asn Val Val Assn Trp Asp Glu val Ala. Lye Arc; Tyr Ser 
7L0 215 22D 

Glu Ala Lye Ala Lye Gin Axg S^r C/S Giy Leu Val Pro Ans Giy s*r 
21:5 32 D 235 240 

Oly Pro Giy Ser LyB Ala Pro Pro Arg Lei; Cys Tie Arg Val Ago AeP 
245 25 D 255 

Ax^.i Glu Leu Phc Phe Val ALa Ser Glu Ser Sex Tyr Aan Glu Asn Asp 

lit; >Btt Thr Pro Lye Glu lib Aep Aep Thr Thr Aon L-eu Abij a en Aerj 
775 260 

Tyr Arg Aen Aan Leu A Bp Glu Val lie Leu Asp Tyr Aen Ser Glu Tbr 
2^0 300 

lie Pro Qln lie Ser Aarj Gin. Thr Leu Asn Thr Le\> Val Gin Aep Asp 
3D5 32 U 

3er Tvi- Vol Fro Arg Tyr Asp Ser Asn Giy Thr £er Glu Ik Glu Glu 

His Aan Val Val Asp Leu A en Val Phe Phe Tyr Leu His Ala Gin Lye 
3,40 3- -15 35D 

Val Pro Glu Giy Glu Thr AfiJtt lie Se-r L~u Thr Eer Eer lie Asp Thr 
3-55 360 36S 

Ala Leu Ser Glu Glu Sax Gin V*l Tyr Tbr ?be Phe £ex Ser Glu- Phe 
170 375 360 

lie ABrj Thr 21c Aen LyB Pro Val Hi & Al* Ala Leu Phe He Sfcr Trp. 
3-5 5 3 E*0 3 £5 4 00 

lie Atd Gin Val He At? Asp ^ r Thr Glu iXil& T " hr Gln ij ^ 3 Se:f 

4Q5 " 410 *15 

Thr Phe Aap Lys 11* Ala A Bp lie Bar Leu Val Val Pro Tyr Vsl Giy 
42 O -32:5 4 3 0 

Leu Ala Leu aBn He Giy Aen Glu Val Gin Lye Glu Aan Phe Lys GLu 
455 44D 44£ 

Ala Phe Glu Lbu Leu Giy Ala -Giy I1b L*u Leu Glu Phe Val Pro Glu 
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Met Tyr Asii Lys Glu Ty* Tyr Met l-'lie A an A Is Gly Aer± Lye Aan 3et 

Tyr lie LyB Leu Lys Irve Asp s - r ^1 |J 1 1 ^ Leu Thr Arg 

Ser 1 Lys Tyr Aan Gin Aeji Sex Lys Tyr Zle A an Tyr Arg A«p L-SV Tyr 
53 0 915 S40 

10 Tie Gly Olu Lys Phe He- Axg Arq Lys iter Asn Sex Gin Ser Ilo 

ABt-j A Bp- A=>p Iio Val Arg Lye Glu A&p Tyr lie Tyr Leu Azp Phe Phe 
^65 y70 P7E 

15 

Aan Leu Aan Gin Glu Trp Axq Vj=l1 Tyr Thr Tyr Lye Tyr Ph* Lye Lye 
&BO % 9&£ 33 0 

Glu Glu GLu Lye- Leu Ph€ L*rv Ala. Prrj lie Eer Aep i^r Asp Ola Phe 
20 5>y& " idoo loos 

Tvx Asn Thr Elfc 3 In. Tl* Lye Glu Tyr Asp- Glu Gin Pro Thr Tvr Se=r 
1C10 1020 

25 CyB Gin Leu Leu Ph^ Lys- Lye Aep Glu -Slu £er Thr Asp Glu lie Gly 

105? 10 5 0 103-5 10 4 0 



30 



40 



65 



Leu lie Gly lie K'ie Axo Phr Tyr Glu $ex Gly lie Val Phe Glu Glu 

10-15 1050 10SS 

Tyr Lys Asp Tyr Phe CyB lie Scar Lye T**p Tyr L-tu Lyt.' Ola Val Lyt; 

10t 0 10*5 ltnO 



Arg Lys Pro Tyr Asn Jj£u Lys Leu Cly Cys Aan Tip Gin E>he lie Pre 
35 ^ 1075 " 105-D 1DB5 



Lye A Bp Glu <31y Trp Thr Glu 
lC'^o 1 n 3 s 



<210> 6 

<212* FRT 
45 <213> Artificial Ssqucnet? 

■:22^:- Deecripti&n of Artificial S<*Q\jence : cong trnc't 

50 -:iOD> B 

Met Lf;ii Set Arg Ala Vsl Cys Gly The fif.r Ar^ Gin Leu Alft Pre? Ala 
1 5 10 IB 

Leu Gly 'fyr Leu Gly £«■ Arc; Gin Lys His 6er Arg Gly Ser Pre A Is 
55 2 0 25 3 0 

Leu Pro Tyr Pro Tyr Asp Ala Leu Glu Pro Hie He Asp LyB Glu Thr 
3 £ 4 0 4 5 

60 Met Aan lie His Kie Thr Lys Hi a Ki b Asn T'ht Tyr Thr Aen Leu 

50 S r > 60 

Aek Ala Ala Leu Glu Gly H±e Pro Asp L^u Gin Aan Lys Eex Leu Glu 
65 "7 0 75 GO 

Glu Leu Ser Aen Leu Olu Ala Leu Pro Glu £er He Arq Thr Ala 

BS 30 " 9S 
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5 2 0 53 5 5 4 0 

Tvr Ber Gl^> Lye Glu Lya 5er Abtj lie Asn lie? Ar,p Ehe Ar*n Aep lie 
545 55 0 5 5-5 5 C 0 

Aan ser LyB Lqu Asn Glu Gly He? ash Gin Ale; lie ABp Aen lie AHn 
565 57D 575 

Asn Ph* lie Aen Gly Cy& Ser Val Ser Tyr Leu Met Xyes Lys Met He 
530 555 S !? 0 

Pro Leu Al& V&l Glu Lya Lreu Lbu Asp Phe Ar?p Ar?n Thr Leu Lyr: Lye 
5 95 600 €05 

Asn Lou Leu A:.m Tyr He A Bp Glu Asn Lye Leu Tyx Leu lie Gily £e" 
£10 fc'15 52 D 

Ala Glu Tyr Glu LyB Ser LyS V*l Asn Lye Tyr L-e:u LyB Thr He Wet 
£25 * 630 * 3 5 COD 

Pi-c- Fhe Aep L-eu Ser He Tyr Thr Asn Aep Thr lie L-eu He Glu Met 
G*S * 650 6S5 

Phe A&n Lyc Tyr j\eri Eer -Glu 11-2 Lou Asn Astj He Lie Leu Ar./i L-au 
£60 6 6 5 £70 

Arq Tvr; Lya AS|,a Afsri Attn Leu He AHp Lev: £*r Gly Tyr Gly Ala Lys 
£75 ^BE- 

Val Glu X T al Tyr Asp- Gly Vctl ULu L^u Asn Asp Lye Abvj Gin Phe Lye 

Leu Thr Ser Ser Ala Aan Ser Lys lie Arg Val Thr Qln A en Gin Abvj 
705 710 715 720 

He lie "Phe Agn Ser Val Fh& Leu Asp i'b.e Ser V»L Sex Phe Trp He 
725 73 D 

Arq lie: Prp tyr? Tyr L-ys Asn Aep Gly lie s^ln A*n Tyr Tlc= Hi* Asn 
7 4 0 7 45 75 0 

Glu Tyr Thr He He Asd Cye M*t Lye Asn Asn Ser -Gly Trp 1 Lys He 
7 55 7 6-0 7 5 5 

Ser lie Ar-g G Ly Asn Arg lie He Trp Thr Leu A^P Tie A^n Gly 

77 0 7 75 7 60 

Lys Thr liyc Ser Val Phe Phe Glu Tyr Aon He Ax 3 Glu Acp He Ser 
7 8 5 7 50 7 3 5 £00 

Glu Tvr He Asti Arg Trp Phe Phe ^/al Thr lie Thr Aptj Az^n ^ev Acn 
6 0S BIO SIS 

Asa Ala L.y& He Tyr He Asn OXy Lys Leu Glu Ser A en Thr A&p Lie 
0 2 0 R2 5- H3D 

Lyr? Asp lift Arg Glu Val He Ala Asrt C3ly GIj He He Phe LyB Leo 
6 BAG 645 

Aep Gly Aep Ho Aep AT-g Thr Gin Phe 11c Trp- Met LyC Tyr Phe Ser 
BSO BBS S6D 

He Phe Aesn Thr Glu Leu Ser <3ln Ser Aan He GLu G^u Ar3 Tyr LyE 
£65 970 Fs75 660 

He Gin Ser Tyr £er Glu Tyr Leu Lys Asp Phe Trp Gly Acr- Fro Leu 
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Pxo lie Met Glu Gly Lye Thr E'ro 11c Leu Qxy Lev Aep Val Trp Olu 
IE: a lc5 ISO 

Ki& Ala Tyr" Tyr Leu Lye Tyr Gin Asn A^-g Axg Pro Glu Tyr 11c- Ala 
195 200 20^ 

Ala Phe Trp Asn Val Val Aen Trp Aep Glu Val Ala Lys Arq Tyx ser 

210 215 £2 0 

Glu Ala l>y& Ala lys Gin Arg S*r Cva Gly Leu Val Fro Arg Oly Set 
225 21D * ' 240 

Glv Pro Gly 5er £y£ Ala Pro Gly lie C'ys He Asp Val Asp Asn Glu 
2 «q £■ 2 5 0 2.5 E 

Asp Leu Phe Phe 11^- -Ala Aep Lye ABn Ser Phe tex Atp- Asp Leu Ser 
2£ 0 2£S 2.7 0 

Lve /isn Glu Arg lie Glu Ty^ Aiiii Thr Gin Sen- A en Tyiu lie Glu ABn 
275- seo 2£5 

Asp Phe Fro lie Aen GLu Leu lie Leu: Asp Ttir Azp Leu 11c Scr Lys 
290 2 95 2 DO 

lie Glu Leu Pre 1 Set Glu Asn Thr Glu S«i Leu Thr Asp Phe ABn Val 
305 2-10 315 32G 

Asp Val Pro Val Tyr Glu Lya Gin Pro Ala He L-y b Lye- tie Phe Thr 
325 3 3 0 3- J 5- 

Jksp Glu Aen Thr lie Phe Gin Tyr Leu Tyx Set Gin Thr Fhe Pro Leu 

34 0 3^5 3E-0 

App lie Ar* Acp lie Ser Leu Thr Ser Bar Phe Asp Aap Al* Leu htx* 
3 bs 3 e o > 6 s 

Phe id Aen Ly» VH Tyr- Eer Phe Phe Ssr Met Asp Tyr lie Lys T'hr 

3 7 0 * 375 ^BC- 

Ala ABn Lye Val Val Glu. Ala Gly Leu Phe Ale: Gly Trp Val Lya Gin 
3 85- 3 I'D J- 0 0 

ale Val Asrj AEp Phe V*L He Glu Alb Aan Lys £er Aen Thr Met Asp 
4105 410 4i& 

Lys He Ala Aep He Ser Leu He Val Fro Tyr He Gly fceu .Ala Leu 
420 425 43.0 

Aen Val Gly Asn Glu T'ht Alb Lys Gly Aen Phe -Glu Aan Ala Phe Glu 
4 35 44 0 -1-15 

lie Ala Gly Ala 3er lie Lev Leu Glu Phe lie Pxo Glu Leu Leu Ho 

4 5 0 455 460 

Pre- VaI Val Gly Ala PhD Leu Leu Glvi £"e* Tyr lie Asp Ae?jj Lya Asn 
4£S ' 4-70 475- *RD 

LyE: He- lie Lys Thr lie A Bp Asn Ala Leu T'hr Lye Arg Aen glu Lys 

Trp Aep Met tvi Oly Leu He val Ala Gin 'Trp l.eu Ser T'hr v*l 

500 * S05 510 

Aen Thr Gin Phe Tyr Thr He Lys Olu C-ly Net Tyr Lya Ala Leu Asn 
51$ £2. Q 525 

Tyr Gin Ala Gin Aln Leu Glu Glu lie 11c Lya Tyr Aro Tyr Aen He 
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Tvr 11c ken V«l Vul Val Lys Asn Lyi' £>lu lyr Arc; L^u Als Ths Aen 

Ala ser Gin AIp. Gly V*l Glu Lye lie Leu Al* Leu <3.1.u lie Pr*u 

5 ?3S 10 CO id 0 5 

Asp Val Gly Abtj Lqu Scr Glu Val Val Val M&t Lys £ter Lys Asn Asp 
1010 1015 102 0 

10 Gin Glv lie T'hr Aen Lye Cya Lys Met Afcfi L>eu Gin Af;p Aeu Asn Gly 

1D2 5 * 0 10 2 5 ' 104 0 

Aan Aep lie Glv Pbe I L-e Gly Phe Ha^ Gin fha ten Asn lie Ala Lys 

^10.^ ' 1DE.0 1055 

15 

Val Ala Ser As>n TVp Tyr Aen Arg ulu lie Glu Arg Ser Ser Arg 
1060 1065 1070 

Thr Lku Gly Cya Ser Tip Glu Phe He Pro Val Asp Asp Gly Trp Gly 
20 1075 1D90 

Glu Artr Pro Leu 

25 

<210> 7 
-:2X1> 1C95 
<212> PRT 
30 <21d> Art i f i cial Sequence 

<22 0> 

<22j:. Description of Artificial se^finces : c-oiib cruet 

35 < 4 D a > 7 

McK Lei 3 Stx- Jorg Ala Val Cvp Gly T'hr 5* r Ax^ 01 n be-u Al.* Pro Alj* 
1 5 * 10 15 

Leu G 1 v T vr Leu Gly E £ r Ar g Gin Ly b His flcr Arg 1 y 6 e r Pre- A 1 
40 * * 20 2 5. 3D 

L-su Pro Tyr Pro Tyr Asp Ala L-en Glu Pro Hie He Aep Ly e Glu Th_r 

45 Cfet Ae/i lit: His Hi b Thx Ly? Hip Hi# kbij Thr Tyr Val Thr 7i£n Leu 

Asa Ala A J. A L»£Vi -3lu Gly HiB Pro Asp Leu -3 In Asm Lye Scr Leu Glu 

Glu Leu LrBU Ser Aan Leu Glu Ala Leu Pro Glu Bex Tie Arg T'hr Ala 



50 



Val Aro AfiLjj A en Glv Glv Gly Hi* Ala Aen Hit: Ser L«u Phe Trp Thr 

55 % 10 0 105 

lie Leu Ser Pre- Aen Gly Gly Gly Glu Pro T'hr Gly Gjlu L<eu 7+ lft Aep 
llf, 15* D 125 

60 Ala Tic: hsn Lye Ly:- Phe Gly Ser Phe Thr Ala Phe Lys Asp 3l\i Phe 

150 * 135 140 



65 



Ser Lr/S Ala Ale Ala Gly Art* 5he G\y Ser Sly rrp Als Trp Leu Vol 

145- JLSD 155 1E0 

Val Aen Acr. Gly Glu Leu Glu lie Thr Ser Thr Pre Asn Gin Aep Ser 

165 170 1 175 
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T'hr Lev XLe Gly Gin Vai Asp Arg Leu LyB Asp Lys V'al A&n Asn T'hr 

5 

Leu Ser Thr Ae.p 31a Pro Phe GJ-a Leu Set Lys Tyr Val A&p Afsn Gin 

645 550 £55 

Arg Leu L«u £Er Thr Phe Thr Glu Tyr TL* by? A3n lie lie A*n Thx: 

9cr 11*. Leu Asn Leu 7irg Tyr GLu Ser Abu /3ie Leu lie A&p Leu 3er 

67S €60 «5 

15 Arg Tyr Ala Ser Lys 1).^- Asn lie Gly Ser Lys Val Aan Phe Asp P"i o 

C5D 700- 



20 



Lie Asp L-y& Aeti Gin Il€: GLn L-cu Phe Asn Le>u: Scr 6er Lys lie 

705 710 715- 720 

i~?iu Val lie Leu LyB Asn Ala lie Val Tyr Abd £l-er Wet Tyr Glu Aan 

Phe S^-ir T'hr £er Phe Trp lie Arc; lie Pro Lye Tyr Phe Aen Ser lie 

25 14b 745 7S0 

Sqy Leu Asn A&n Glu Tyr %'hr lie: lit: Aen Cys Met Glu Aen Aek Ser 

75S 760 7bS 

30 Qly Tip Lye Val Ser Leu ABn Tyx Gly Glu lie lie Trp Thr Leu Sin 

770 775 720 

APp Thr Gin Glu lie Lye Gin Arg Val Val t>he Lys lyr Sex Gin Met- 

-7^,£ 790 HQO 

35 

I If- A s T j He Ser AL'p Tyr Lie Abvj Arg Trp« He the Val Thx lie Thr 

8 D 5 B10 B1& 

Asn Asn Arg Leu Asn Aeti Ser Lye: lie Tyr He Aen Gly Arcj Leu He 

40 &2D *25 53-0 

Asp Gin iys Pro ll& oer Aen Leu "31 y Asn lie His Ala S« Afcn Af;^ 

B 3 5 2-5 5 

45 He Met Phe LyB Leu Asp Gly Oy& Arg Asp Thr Hie Arg Tyr lie Trp 

B5 0 B55 " B&D 



50 



65 



lie. Lyf: Tyr Phe AEn Leu the Aep Lys Glu Leu Asn Glu Lye Glu lie 

o£5 B70 S BSD 

Lys A Bp Leu Tyr Asp Af.fl Qln Eer A en Ser Gly He Leu Lye AEp Phe 

BB5 39 0 9 95 



Txp gly Asp Tyr Leu Gin Tyr Asp Lya Pre Tyr Tyr Met Leu A en Leu 

55 900 vO? 910 

Tyr Asp Ps"0 Aen Lye Tyr Val Asp Val Asn Asn Val Gly He Arc; Gly 
<:<1 5 32 0 52 E 

60 Tyr t Tyr Leu Lya Gly Pre Arg Gly Sex ^al Wet Thr I'hr A*n lie 
9-3 0 ^40 



TVr Leu Asn £rer Sex Lex; Tyr Aig Gly Thr Ly& Phe Lie He Lys Lys 

9£C S55 9S0- 

Tvr Ala Scr Gly A«n Lys Asp Abl Tie Val At-p Aen Asn Asp Arg Val 

5-55 970- 91$ 
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A E-p leu Phe Phe flcr Prn tt^r -Glu -A Bp- Asn Phe Thr Aen Aep L^u At;n 

260 2 b E- *: 7 U 

Lye Gly Glu Glu lie Thr b'cr A£*> Thr A^n lie Glu A Li, Alo GLu Glu 

Afcrt He Ser Leu Aep Leu He Gin Gin Tyr Tyr Lgu Thr vne Aar, PhE 
2i<fi 29b 30D 

A&p Asn Glu Pro Glu Asn He Set He Glu At?n Leo Ser £e?r Asp Ele- 
205 2-10 315 5 2 0 

He Gly Gin Leu Glu Ley Met Pre Astj He- Glu Arg Phc Pio Abu Gly 
32* 3.30 Jlb- 

h\ r 7? Lv? Tyr Glu Leu /lep- LyB Tyr Itir Met Phe Kib Tyr Leu Arg Ala 

3 4 0 350 

Gin Glu Phc Glu His Gly Lye Ser Arg He Ala Leu Thr A^n S^.r v&l 
3 55 3 3 65 

Aen Glu Ala Leu leu Abji Pio S-cr Arg V«L Tyr Thr Phc Phe Ser iiEr 
37 Q 3 75 " 3 

Acp Tyr Val lye Lys Val Aan Lye Ala Thx Glu Ala Ala Met Phe Leu 
3 65 35*0 3 55 4 0 0 

Gly Txp Val Glu Gin Leu Val Tyr Aerp Phe Thr Asp Glu Thr Ser glu 
4 05 410 4 IS 

Val Ser Thr Thr Asp Lye lie Al* A&p He Thr- He Ur. Tic pro Tyr 
420 425 430 

H-i Oly Pro Ala Leu Asn He Gly Abji Met Lau Tyr LyB Asp AEp Phe 
43 S J. 4 0 a <i 5 

Val Gly Ala Leu I 1* Phe Ser Gly Ala Val He Leu Leu Glu Phe He 
45 0 4 5 5 4 G 0 

Pro Glu Hq Ala 11c Pre- Vjil Leu Gly Thr Ph« Ala L-»i± Val Ser Tyr 
065 470 4SD 

lie a!e> Ae n LyB Val Leu T'hr Val c3ln Thr He Asp Ag.t-j A In. Leo Ser 
>3&5 3 3 0 4 £5 

Lye- Arg A en Glu Lya Trp Asp Glu Val Tyx LyB Tyr He Val Thr Asn 

50 0 5C5 510 

Tirp Leu Ala Lyt? Vdl A en Thr Gin lie Asp Leu He Arc: Lye Lya Wet 
515 520 525 

LyB Glu Ala Leu Glu Asn Qin Ala Glu Ala Thr Lya: Ala lie lie Asn 
5 3 0 5 3£ 54 C- 

Tyr Gin Tyr Aar. Gin Tyr Thr Gla Glu Glu Ly>:; Ar.n Aan 11c A^n Fhr- 
S4B 550 555 5b0 

Aetj He- A£)p Asp I^u Ser £er LyB Leu Asri Glu Ser He Aeu Ly& Ala 

Met He ABn He A an Lry» Pb-s Leu AEn Gin Cye Ser Val Ser Tyr Leu 
590 £05 £20 

Net Aen Ser wet He Pro Tyr Gly vaI Lye Arg Leu Qlu A£*p Phe Abd 
S9B * 6D0 605 



Ala Ser Lh*u L\ r S Aep Ala Leu lyeu Ly& Tyr He Tyr Asp A«n Arg Gly 
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Asn Lk?-u Val Ala Ser Ser Trp Tyr Tyr Aan Apr lie Arg Lye Abd Thr 
1025 1030 ' * 1D4C- 

Ssr Ser Asn GLy Cyf- Phe Trp Eer Phe lie Ser Lys Glu Hie Gly Trp 
5 1045 1050 1055 

Gin Glu- Asn 

10 

<2io> e 

kIIIp 105- 2: 
<212> PRT 
15 <213> Art j, £ i c i al Sequence 

<2'2u > 

<223.v DeBcription of Artdfic^L S^uetifiH ; ronefcrueL-. 

20 <400> 6 

>leU Leu Ber Arg Als Val Cyp Gly Thr Scr Arg Gin L^u AIb I'ro Al* 
1 5 10 15 

Lt--u C3-1-V Tyr Leu Gly Sei Arg Gin LyE Hi& £iEr Arn Glv £er Pro Alis 
25 ~ 20 2S " * 30 

Leu Pre Tyr Fro Tvr Aep Ala Leu Glu P*ro Hie He Asp lye Glu Thr 
35 ' 40 4S 

30 Met Aen He His Hi a Thr LyB Ria Bis Asn Thr Tyr Val Thr Asn Leu 

55 60 



35 



50 



65 



AS»t> Al£ Ala Leu Glu Gly Hie Pro Asp Leu: '2 In A en lr/3 Sar Leu -Glu 

£5 7 0 T5 BD 

Glu Leu Lr-u J?£^ Asn Leu Glu Ala Leu Pro Glu Bar He Arg "Thr Ala 

€5 90 P5 



Val Arq Aarj Asn Q^y Gly GLy Hi a Ala Aen His Eer "Leu Phe Trp Thx 
40 " IOD LOE- 110 

Lie leu Ser Pro A^n GLv Glv Glv Qlu Pro Thr -Gly Glu Lru Ali\ a.ep 

LIS- ' * 120 12S 

45 Al* H* A&n Lys I.-ya Phe Gly Ser Pha Thr Ala Phe Lys Asp GLu Phe 
HO 1-4 D 



3 or Lys Alesi Ala Ala Gly Arg Phe uly £er Gly Trp Ala Trp Leu Val 

1<J5 150 15-5 lbO 

Val Aarj Asn Gly Qiu L*u Glu He Thr Eer Thr Pro A^n Gin ABp 5er 

l£5 170 L7S 



Pre- He Met Glu Gly Lys Thr Pro He Lea Q Ly lx:-n Asp Val Trp C?lu 

55 l&U * " ISO 

Kib Al b Tyr Tyr Leo Lye Tyj Gin Asn Arg Arg Pro G-lu 'Vyr Ho Al* 

is 5 20D £Ci£ 

60 Ala Phe Trp A an Val VaI Aesn Trp Aep GLu Val Ala LyE: Arg Tyr Scr 

210 213 220 



GLu Ala Lye- Als J,va Gin Arg Ser Cys Gly Leu Val Pro Arg Gly Scr 

225 * 21 D 225- 24 D 

Gly Pro Giy £er Ala I.eu Asn Asp L^u Cyr; V*l Atfrt A»n Trp 

11.15 250 255 
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£60 C*5 c-td 

Ser Ilo Aan Gly Asp V^l Tyr lie Tyr Ser T'hr Aen Arg A3n CSln The 
6 75 * 6 BO eef> 

C5iy lie Tyr £er Ser Lys Pro Scr Qlu VaI JVC a He Aid Gin Aetj A en 

Asp llo I let Tyx Gly Ar^ Tyr Gin Asn Phi 6cr lie* Sex Pbc Txp 

70S * 710 "IB 720 

Val Arg Lie E'rc- Lys Tyr Phe Aeii LyB Val A an Leu Aen Aan Glu ryr 
72 5 7 SO 7 3S 

Thr He rle Aep CyB lis Ar-=? Abxj Asn Aan Ser Gly Trp Lya lie Serr 
740 *" "45 7E-U 

leu Aptj Tyr - Ars*i. Lye- rite lit: Txp< Thr Leu Gin Asp 'Thx Ala Gly Ash 
75S 7fi0 765 

Asn Gin Lya Leu Val Fhe Aatj Tyr rhr Gin Met He Ser lie Ser Aep 
770 * 775 78 0 

Tyr He Aeji Lys Txp. lie Ph<? V&l Thr lie Thr Aan Asn Arci Leu Gly 
7 BE V9G 755 300 

As ii Ser /--rg He Tyr lie A an Gly ^£rt Leu He Atfp Glu Lyr. Set- He 
6 05 * eio ais 

Ser Abq Lcu Qly Asp Jle Hie Val Ser A Bp Asn He Leu Phe Lys 11c 
85 0 B25 BSC- 

Val Gly Cys Aan Aep Thr Arg Tyr Val Gly He Axg Tyr Phe Lya Val 
5 3 4 1; B4E 

Phe Aep Thx Glu Leu Gly Lyy Thr -3lu He Glu Thr Leu Tyr Sex Asp 

ci£0 * 355 BbO 

Glu Pre- Asp Pro £ei lie Lea Lys Acp Phe Tip. Gly Acn Tyr Leu Leu 

ess <?7D * ?.75 eec 

Tyr Asn Lys Arg Tvr Tyr Leu Leu Asn Leu L-a-u Arg Thr Asp LyB Scr 
QS5 SSD oD5 

lie Thx Gin Aan £>nrx A^A Phe Leu Asn He Aan Gin Gin. Arg Gly Vail 
9 00 30 £ S10 

Tyr Gin Lya Pro Asn 11c Ph--- S£*- A*n Thr Arg Leu Tyr Thr Gly val 
5" IE- £-£0 h2S 

Glu Val He He Arg LyB Aen Qly 3<?r Thr Asp He E-er Asn Thr Aap. 
&i0 P3 5 9-dO 

Asn Phe Val Arg Lye Aen ABp> Leu Ala Tyr 111. Asn Val Val Asp Ara 
9-j5 3 5 0 3 55 $6?) 

Asp Val Glu Tyx Axq Leu Tyr Ala Asp lie Ser He Ala Lya Pro GIl; 

& 6 F> £70 575 

Lyc He He Lys Leu lie Arg Thr Ser Asn Ser Asn Asn Ser Lbu Gly 

960 3 3G r'?0 

Gits lie? He Val Met Aap £fer He Qly Asn. Aen Cys Thr Wet Asn Phe 
$*5 10 00 10 OB 

Gin Aan Aan Aen Qly Qly Aen He Gly Leu Lc-u Gly Phc H±e Eer Asn 
ID 10 1013 102 ?> 



41 A 1T| > 
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Gly Thr Sax Glu 

3 HE 

Fhe Tyr Leu m±e 



Leu Thr Str Ser 

Tbr Pbe Fhe Ser 
355 

Al £ Ala Leu Phe 

370 

Thr Glu Ala Thr 

3 £5 

Leu Val Val Pro 



GXxl Lys Glu 

Lc-u Leu Glu Phe 
43S 

Thr lie Lys Srr 
Lye- Ala lie. Aen 
lift Tyr Eej- Tip 



Phe Ac^j Lytj Xurc; 

son 

Asp Ala Ilr- Lys 
SI 5 

AEp 'Jlu Aj"9 Abtj 
53 D 

gin '3lu Leu Aet'j 
Phc 11c Thr Glu 



Ala. Lys Val 

5t D 

Leu Le u A &p Ty r 

GLn Glu Lctu A<::il 
610 

Phe Glu Leu Ser 

A en Lyu Leu Tyr 



Tyr Glu Act* Ae-n 



lie Glu Glu HiB 
3 ID 

Ala Gin Lys Val 
rle Asp- Thr Ala 



J3er Glu Phft lit: 

lie Sex Tjcp lie 

Gin LyB Ser Thr 

Ty* val Gly l&u 

P he. Ly a. Glu AH £ 



Va 1 Pro Gl u Leu 

phfc lie Gly Ser 
4E5 

Aptj JSftr leu Met 

470 

rle Val t-cr A*rt 

4 B5 

Lye Glu Gin Met 



Thr Val He Glu 

Arq litu Glu Ser 
S3& 

lye Lys Val flcr 
c ex Ser rle Phe. 
Lye I,eu Arg Glu 



lie g.-r C?lu nis 
£ 0 0 

AEp Leu Val Thr 
3cr Tyr Thr Aan 
Lys LyS lie LyB 
Lya Phe lie Asp 



- 10 - 

Aan Val Val Aep- 
Pre? Glu Gly Glu 



Leu Ser Glu Glu 
345 

Asn Thr lie A En 



As-rj Gin V^l lie 
Phc Ar-p i..ys lie 



Ala Lgu Asn lie 
■ulD 

Phe Glu Leu Leu 
425 

Leu He- PxO Thr 



Ser Glu Apn Lys 
460 

Glu Axg Glu Thr 
475 

T*p Leu Thr Arq 
Tyr Old Al?b Leu 

505 

Tyr Lys Tyr Asn 



Glu Tyr Asn lie 
54 D 

Leu Ala Met Glu 

&E-S 

Tyr Leu Met Lye 
57 D 

Tyr Asp Glu Gly 
Arg Sex lie Leu 



Set Thx Leu A^Jtj 
620 

Asp Lys Ilr Leu 

ABp Aen £j er I1q 
6 50 

rle Ser Gly Tyr 



Leu A en Val Phc 
3-2 D 

Thr Aen lie Ser 

£er Gin Val Ty* 
3 50 

Lya Fro Val Hie 
3 £5 

Arg A_Ep. Phe Thr 



A3. A Acp rle S&r 
4 Of- 

Gly Abd Glu Va.l. 
-115 

Gly Ala Gly lie 
43 & 

lie Lsu V*l Ph« 
445 

Aan Lys I le llcr 



Lys Tip Lya -Glu 

rle Afkn Thr- Gin 

Gl.qS. Atiii Qln Val 
SID 

Asn Tyr Thr Ser 

52 5 

Asn Asn Tie Arc! 



Ar;n He Glu Ar^ 

Leu He Asrt Gl.U 

Val Lys Glu Tyr 
5 g c 

Gly Asn Sra- Val 

a.f;rt £fcr lie Pro 



ric LexJ Phe 
64 0 



Leu Asp Atg 
€155 

Gly Ser ABrj II r 



- 9 - 



<210> 5 

<212> PRT 

<212:- Axti f i ci al £>equ*noe 
<220> 

<222 > E^ecrijption of Art.if icioti S£\jue*it7fc ■ cC'S'ji: 1 1 uct 

-c«1CKi> 5 

Met £ J ro Phe Glu leu Frc Ala Leu Exo Tyr Fro Tyr Asp Al."> Leu Gb: 
1 £ iO 15 

Pro His lie Asp hyi$ *3lu Thr Met Aen tie Hi^ Hi 3: Thr Ly;? His Kie 

As^ Thr- Tyr VaL Thr Aan Leu. A so Ala. Ala Leu C-iu Gly His Pro AEp 
3E 40 4 5 

Lcu GLtl ae.fi LyE Ser Leu Glu Giu Leu Leu £er A^rt Lieu Glu ALa Leu 
5 0 5 E CO 

frc GLu £er XL* Ai^ Thr Ala Val Arq Aen Asn Gly Gly Gly fTis Ala 
e*5 70 "75 

Aen til b Sq:- Leu Pho Trp Thr lie leu £er Pro P.su Gly Gly GLy Glu 
BS 90 g»5 

Pro Thr Gly Glu L-su Ala Asp Ala lie- Aan Lyi! Iiys Phe -GJ.y S« Phe 
ICQ 105 110 

Thr Ala Phe Lye. Aap Giu Phe Sar Lya Ala ALa Ala Gly Ara Fhe Gly 
lib 12 D * 3 25 

Ser Gly Trp A^ Trp Leu Val V^L Asn Abu GLy GLu Leu Giu Zle Thr 
13 0 i:+s 14 D 

Ser Thr Pro Asn Gin Ar-p £er Pro He Met Glu Gly Ly& Thr Pro He 
145 ISO 15& 15D 

Leu Gly Leu Aep Val Trp Glu Hie Ala Tyr Tyr Leu Lya Tyr Gin Asn 
1*5 17 0 175 

Arq Ar^ Pro Glu Tyr lie Ala ALa Phe Trp At ft VaI VaI Atvrt Trp Asp 
ISO 195 ISO 

Glu Vol! Ala lye Ar^ Tyr Ser Giu Ala Lys A is Lys Cirj Arg Gct Cys 
1?5 ' 2 00 r Q£. 

Gly Leu Val Pro Arg GLy S« '51 V Pro Gly Ser Lyi? Ala Pro Pro Ax^ 
210 215 220 

Leu Cys lie Ai>a Val Aan Asn Arq Glu Leu ?b* rh* VaL aIa Ser Giu 
22? 230 2ZS 2dO 

£>er 3e" Tyr Apr GIlu Aen AEp lie Asn Thr Pro Lys G.Lu I Le Asp Aep 
24 5 250 2S£ 

Thr Tbt- A£.n L-eu Aetj Aeti Asa Ty^- Aan Aan Leu Aap Giu VaL II* 

260 2tS 270 

Lieu Asp Tyr ACn £er Glu rhr Il*e Pro GLr, lie F.er 2\sn Gin Thr I*cu 
2?S 2BD 29t 

?yi Thr Leu Val Gin Asp Aep Ser Tyr Val Pro Arp lyv Aep Ser aeu 
250 295 SOO 



wo oofcSD* 3 ^ ycrixjj&msw* 

- S - 

7 05 710 715 7 2 6 

lie Gin Asn Tvx lie Hie AEn Glu Tyr Thr lie lie ten CyB Met Ly:=: 
725 7^0 7JS 

5 

Aen Ann £er Gly Trp Lye lie Ser lie Arg -sly A^n Ar-g lie lie Trp 
74 D 74 £ 7 5 0 

Thx Leu lie Asp He ABn Gly Lye Thr Lye Scr V*l Phe Phe Qlu Tyr 
10 755 760 76 5 

Asn xle Arg Glu Asp He C-lu I s / r He Aan Xrg Trp- Phe Phe Val 

770 71S 7&Lj 

15 Thr Hie Thr Aan Asn Lieu Asrt ^en Als Lys He Tyr He abh Gly Lys 

7E5 79 C- 795 8 C> C> 



20 



35 



50 



65 



Leu Gl u Pc;r Aer, Thr Aep. He Lr/s Asp Tie Ax-? Glu Val 11m Al* Asn 

50 5- £10 B15 

Gly Glu lie lie Phe Lye ILeu Aep Sly Aap 11b Asp Arg Thr Gin Fhe 

B20 825 ~ 83 0 



He Trp Mec Lve; Tyr Pric 6cr He Phe Asn Thr Glu Leu £er- Gin $er 
25 S3S " ' fi40 E:4b 

Aso He Glu C-lu Arg Tyx Lya 21a Gin Scr Tyr &er Glu Tyr Leu Lys 
BSD 6 £5 B6C 

30 Aep Fh.e Trp Gly Asn Pro keu Met Tyr Aon Lye Glu Tyr Tyr Met Phe 

BbS * 370 B7E. SB 0 



AE-n Ala Gly Aen Lya Asn Srx Tyr ll*> Lye Leu Lys Lys Aep Ser Pio 

BSC- S?5 

Val Sly Glu He Leu Thx Axq- Scr Ly£ Tyr Am Sin Asn Set Lye Tyr 
SOO " 50 5 $10 



ll-t Ai?i> Tyr Asp I*eu Tyr Ho Gly Glu lsv& Phe He He AM 

40 915 92 u * £«2 5 

Lvb i-er Aeh Sax Qln S^r He Aen Asp Aep He Val Arg Lye Glu Asp» 

45 Tyr He T^^l Leu Asp Phe Phe AGO Lreu Asn Gin Glu Trp Arc? Val Tyr 

545 ?5Q 55 5 560 



T'hir T>/ir Lvs Tyr Phe Lye Ly& Glu Glu Glu Lvs Leu Phe Lou A2* Pro 

He- irer Aap Ser Asp Qiu Phe Tyr P.sn Thx He Gin II* Lys Glu Tyr 
9 BO 2 ?■ 5 9 90 



Aep Qlu Gin Pro Thr Tyr Ger Cyfl Gin Leu L-eu Phe Lye Lye Aep Glu 
55 9?5 * 1000 

Glu Bex Thr Aep Glu He c31y Leu Tic Qly Ele Kif> Arg Ph* Tyr Glu 
1Q1D 1015 1020 

60 Sei -Sly He Val Phe; Glu Glu Tyr Ly b Asp Tyr Phe Cys He Scr Lye 

1025 1050 1035- * 104^ 



Trp Tyr LeU Jjye Glu Val Lya Axtj Lys Pro Tyr Aen Leu Lys Leu Gly 
1045 1050 IPSE- 

Qy& A&n Trp Gin Fh© I its Pre Lye Aep Glu Gly TTp T'hr Glu 
2060 1C'65> 1070 
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Scr Iwt Aep Tyr lie Lye Thr Ala A art Lyr> V-%1 V&L Glu JLla Gly Uu 

Phe AIr Gly Trp V^l Lye Glrs tie Val Asn Asp Phe Val Ilr- Glu Ala. 
370 375 3SD 

Asn Lya Ser A an Thx M-et Aep Lye He Ala Asp Tie Sei Leu 1*1* Val 
3*E- 3 30 3 5*5 -10 0 

Pro Tvar lie Gly Leu Ala Leu Abh Vs.l 01 y A^u Glu T-ht AH Lya Gly 
* p 5 41 U 41F- 

Aetj Pho Glu, Asn Ala Phe Glu lie Ala Gly Ala Scr lie L*ev: Leu GHu 
4 2 D 4 2 5 4 i 0 

Phe lie Pxo Glu Leu Lev lie Prci Val V^l Gly Ala PhB Leu Leu Glu 
<1 2. E 4 40 

SfftT Tyr. lie Asp Aon Lys Asn Lys He He Lye Thr lie Aep Aen Ala 
hSO 4S5 4bC 

Leu T'hr Liy» A&n Glu Lya Trp Sex A Bp Met Tyr Gly leu 11c V?;l 

465 " 4?P 475 * 

Ala Gin Trp- Leu Scr Thx V*l Asn Thr Gin Phe Tyr Thr He Lye Glu 
-1E5 490 45*5 

Gly Met Tyr Ly b Al* Lou Asn Tyr Olr, Aia C-ltJ Ala Leu Glu Glu Xle 
500- £05 510 

lie Lrye Tyr tog Tyx Aen He Tyr Scr Glu Lys Ol u Vys ctr JUsn He 
515 51:0 5 25 

Abtj lie Asp Phe Asn A£p IU Aan Ser Ly^ Leu Aen Glu Gly 11b Aen 
53 0 £3 5- * 5*1 D 

Gin AH He Asp Asn He A en Acn Phe He Aen Gly C>'b Ser Val Ser 
54 5 55 □ 5 55 5 SO 

Ty^ leu Mec Lys Ly b Met- He Pro Leo. Ala v&l Glu Lya L-eu Leu A Bp 
B£5 57l» 575 

Phc At:;p Aen Thir Leu Lye Lys Asn Leu Leu Asjc'i T>'f lie AEp Glu Aen 
5S0 * 5 85 5 3 0 

Lya Leu Tyr Leu He Gly £er- Ala Glu Tyx -Glu Lya 3e-r Lys Val Aen 
5?5 SOP ^05 

Lye Tyr Leu Lya Thr 11c Met Pro Ph£ Jtsp L^eu Ser Tie Tyr Thr Asn 

610 £15 E SC- 

AB p Thr lie Xrtu lie Glu Met Phe Asn Lya Tyr As*rt. 6e.r Glu Xle Leu 
£25 6 3-0 6 3.5 64 0 

Abh Asn 31c- He Leu. Aem Leu Axg Tyr Lye Asp- Asn Asn Leu He Aap 
G <y 5 £50 655 

Leu Ser Gly Tyr Gly Ala Lys Val CQu Val Tyr- Aep Gly Val Glu Leu 

€6 0 6 6 5- C7 D 

Aen Asp LyG ACTj Gin Phe Lye Leu Thr Ser 5 ear- Ala Asn Ser Lye 5 Id 
5 7^ 6 BO 68? 

Arg V£l Thr Gin Aan C-ln Aen He He Ph.© A^n S^r Val Phe Leu A Bp 
690 7DH 

Pho Scr Val £er Phe Trp lie Arg H* Pi~o Lye Tyr Lys Aen Asp Sly 
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Met Pro Phe Glu L^u Pro Ala Leu Pro Tyr Pro Tyr Asp Ala L<eu? Glu 

t 5 10 ' IS 

Pro Bi& lies Asp Lys tflu Thr Met A an He His His Thx Lye Hie Hie 

2D 2 5 3-0 

Aen Thr Tyr Val Thr Aan Leu Asn Ala Als lieu Glu Gly Hitr Pto Asp 

Leu £}ln A an LyB ser Leu Glu Glu Leu Leu Eer" A&n Leu Glu Ala Leu 

Pro Glu Ser He Aro Thr Ala Val Arg Aen A&n Sly Gly Gly Hie Ala 

C5 " 7 0 75 SO 

JLsn Hie Sex Leu Pho Trp Thr lie Leu Sex Pro Titin Gly G-ly Gly Glu 
HE. 9 0 

Ps« Thr Gly Glu Leu AIe Asp- Ala 31* Aen Lys Lye Phe- Gly £ei Phe 

IOC 105 HQ 

T'hr Ala Phe Lye Aep Glo Phe Ser Ly3 Ala Ala Ala Gly Axg Phe Gly 

115 12 D 12 5 

Ser Gly Tip Ala Trp Leu Val, V&l Asn Asn Gly Glu Leu Glu lie Thr 
13 D 135 140 

Ser Thx Pro AetJ din Asp Ssr Pro He Met Olu Gly Lys Thr Pro lie 

14 5 ISC 1^? ien 

I.reu Gly Leu Asp Val Trp -Slu Kie A La Tyr Tyr Leu Lys Tyr Gin A^n 

1£S 17 0 175 

Arg Arg- Pro gig Tyx lie Ala Ala Phe Trp Aen Val Val Asn Tip Aep 

1&0 IB 5 19D 

Glu Val Ala Lys Arg Tyr Ser Glu Ala Lye Ala Lye Gin Arg Ser eye. 

1?5 * *" ' 200 205 

Gly Leu Val Pre- Aig Gly Ser Gly Pi % C Gly Ser Lys Ala Pro Gly lie 
210 215 220 

C»£ He Aep Val A£p Abe Glu Aap Leu Fhc Phe lie Ala As?p Lr/c ACxj 

22:5. 220 ^-- ; 5 540 

Ser Phe Scr Asp A£P Leu Ser Lye Asn Glu Arg I1b Glu Tyr Abii Thr 

245 250 25 5 

Gin Ser Aen Tyx I1b Glu Asrj Af^ Fhe Pro He Aen glu Leu lie Leu 

2.6 0 2 6 5- 27 0 

Asp Thr Asp Le-u He Ser Lys He <31u Leu Pro Ser Glu Ast;. Thr '3lu 

2 75 " 2 BO 2 5 5 

Ser Lea Thr Aep £he A£« Val AE-p Val Pro Val Tyx Glu LyE: Cln PxO 
2 90 2? 5 30D 

Aia He Lya Lye He Phe Thr Ae:p Glu A^:n Thx lie Phe G 1 n Tyx Le-u 

105 31D 315 320 

Tyr Sex Girt Thr Phe Pro Leu Aep He Ang Jksp He Ser Leu Thr Ser 

325 3 20 3 3 5 

Sex Phe Aep Aep Al*. Leu L-su Phe Ser Aan Lya Veil Tyr 6er Phe Phe 
340 345 



v. o o<m2jsji: 



Votl Fhe I-yt: Tyr S-*r Gin Met He Asn I3e £er Ae-p lyr He Asn Arq 

770 77B 7fir;- 

T"xp lie Phe V-ai T'hr lie Thr- .\em A£n Ax:: Leu Aeij Aen £er Lye lie 

790 £00 

Tyr He Asn Giy Arg Leu 31a As?p- Glu Ly^ Pro He Set- Af.u Gly 

t'10 SI 5 

Aen lie Kis AIa S-f-r Acn Aan He Met Phe Lys Lbu Aep- Gly CyB Jurg 

62 0 $2 5 B3D 

Aep Thx Kie Arg lyr Ele Trp 3le Lys Tyr Pbe Abjj Le^ Pbe Asp l, V b 

SJE; 34 0 6 4 5. 

Giu ljeu Kbtj Giu Ly e GQu 31c Lvg AGtj> A f- TJ Gin Sr-JT Agti 

5cr Gly lit; Lau Lye A Bp Pbe Txp Giy Asp Tyr Leu Gin Tyr ABp Lys 

Btif. ' 670 ' B75 * &8u 

Pro Tyx 'lyr Met Leu Asn Leu Tyr i*Ep Pro Aen Lyr Tyx Val Aep Va.i 

BSS 630 £95 

Aern Asn Val 31 y He Arg Gly Tyr M-e-t Tyr "Leu Lys Gl y Pro Atq Gly 

90-0 9 0S S-1D 

Fcr Vsi Ket Tbr Thr A en lie Tyr Leu Asn Sex Bear Leu Tyx Axg Giy 

91S 5*20 92S 

Trrr Lysi The lie? He Lye Ly b Tyr Ala £ ex Gly Asn Lye Asp Abt; lie 

93 0 ^3 5 94 0 

Val Axg A en Asn Asp Arg V*i Tyr" 23 £ ^cn Val Val Val Lyt: A&rs i,ye 

945 S»5D 9S5 960 

Glu Tyr Arg Leu Ala Thx Asn A3 3. Scar Gin Ala Qiy VcO Glu LyS lie 

S*5 $7 0 975 

Leu G^r Als Leu Glu He ^ro Asp Val Gly A^n I>-u Scr Gin Val Val 

9 SB 5 9 0 

Val ft^t jj'/C Sex- I y e Asn ABp« Gin Gly 31e Tnr Aon Lye Cy& Lys >1et 

9^5 10 GO 10 0 5 

Aan Leu Gin Asp Asn Afn Giy Afrn A&p lie Gly Phc Il~ Giy Ph* His: 

103 0 10 3 5 Iv^U 

Glr. P'he Aen Aan lie Ala Lys Leu Val Al* A.em Txp Ty^ A en 

10 2S 10.3. 0 10:>S 104 0 

Gin lie Glu Aro; Ser Ser Arq Thr Leu Gly Cys L?c?r TTp- G3u I J tic 11c 

"104 5 1O50 LQ55 

Etd Val 7^=ip ABp Giy TTp <3ly Glu Ar-c: Pro Leu 

1OG0 3065 



<::iD5 4 

<:211> 1070 

<:2l2i. PKT 

>:213i:- Artificial £iB<^uencri 



Description of Axtiflcia.3 Sequence- i construct 
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405 410 

Wet leu Tyr LyB Asp Asp Phe Val Gly Ala Leu He Phe Ser Gly Ala 
£2 0 42 5 4? U 

5 

Val lie Lreo Leu Glu Phe lie Pro Glu lie ALn lie Pro Val Leu r?Iy 
435 4 4 0 -345 

Thr Phe Ala L£U Val £er Tyr lie Ala Asn Lys Val Leu Thr Val Gila 
10 ti£Q 45 S £SG 

Thur lie Asp A en Al* Leu £er Lys Arg Asn Glu LyB Txp' Asp Glu Val 
4£5 475 4 BO 

15 Tyx Lye Tyx lie Val Thr Asn Try- Leu Ala Lye Val Aeij Thr Glrj lie 

-IE5 4 90 43 S 



20 



35 



50 



65 



Asp Leu lie- A*>g Lye Lys Met LyB Glu Ala Lsu Glu Asn Gin AIe: Glu 

500 ' 5D5 51C 

Ala Thr LyB A If 11^ lie Aen Tyr Gin Tyr Aen dlij Tyr Thr Glu Gly 

515 520 525 



Glu Lve Aan Abci lie Asn Phe A3rt Tlfc Asp Leu Ser S£=r Lyrs Leu 
25 530 53 5 540 

JLEn Glu Ser lie Asn Lya Ala Met tie Am. lie Ar-n *>y;:: Pbc Leu Aen 

b45 55 D 5 55 560 

30 Gin Ova Ser V*l Tyr- Leu Met Aetj £rer Wet Tie Pro Tyx Ely Val 

5-6 5 5 TO * 57 5 



Lye Arqr Lev: Glu Asp F>i<l AEp Ala Ser Leu Lya Asp Ala Leu Leu Lya 
580 595- £ £ £' 

Tyr lie Tyr Asp Aen Arc Oiy Thr Leu lie Gly Gin VaL Aap Arg Leu 



Lye Aep. Lye VsL Aan Abd Thr Le-u £tr Thx Aep He Pro Phe G Ln L^u 

40 610 5iE- 62 0 

J9fsr Lya Tyr V*i Aep ^en Gin Arg Lbq Leu Ser Thx Phe Thr Glu Tyr 

£25 " 635 640- 

45 lie Lya Asn lie lie Jwi Thr Ser lie Leu Aan Leu A^-g Tyr Glu 3er 

S4S- t^U ^ 6 55. 



A&ji Ki& Leu lis Asp Lieu Set* Arg Tyr Ala Ser Lys lie Aon lie Gly 

6 65 57 0 

Per Lya Val Aan Phe Asp Pre lie A£p Lye Agn Gin lie Gin Leu Phe 
675 tl*& t*H5 



A=>n Leu Glu Ser Ser Lyz lie Glu Vsl lie Leu Lys Aan Ala 2 Dk^s V&l 
5B £S-0 * 6£5 700 

Tyr rtBn Ser Mat Ty:r Glu Ae±i Phe Ser Thr 5 Br Phe I'rp lies Arg lie 

705 * 71 D 715- 720 

60 Pro Lys Tyr Phe Asn Gar lie Scr L*U Asn Aen Glu Tyr Thx lie lie 

725 730 735 



ACrt. CVC Met Glu Asn A^n Ser Gly Tcp Lye Val Ser Leu Aan Tyr GLy 
740 745 750 

Glu lie He Trp Thr L-eu Gin ABp Thr Gin Glu lie Lye Gin J^g Val 
7 55 7 5 0 765 
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Leu Gin Abtj Lya Box Leu GLu Olu L~u L^u Ber a^s-j jueu Glu Ala Leu 
SO * 5 5 6 0 

fro Glu Ser lie Ara Thr ALr VcO Apr, Asn gly giy a],y K. : ;r. a!:i 

65 7 0 7£ 3 0 

A an 133. r. Ser leu Phe Txp Thr tie Leu S^r Pro Asn Gly GLy Gly Glu 
E 5 3 0 9 5 

Pro Thr Gly Glu Leu Ala ASp Ala Lie Abij Lye Lye Phe Gly Ser Phe 

10D LCiE- HO 

Tbx Ala Phe Lye Asp Glu Ph& 5er Lye Al* Alfc Ala Gly Ar<y Phe Gly 
115 12C 125 

Ser Gly Trp Ala Trp Leu Val Val Abu Asn Gly Glu Le-u Glu lie Th^ 
13 0 14 D 

i^er Thr Pro Astj Gin Asp Eer Pro lie Met Glu Gly Lys Thr Pro XI*-. 
14 Fi ISO 15 5 lf.rj 

J^*u Gly Leu ABp Val Trp Glu Ki £? Ala Tyr Tyr L-&u Lye Ty*- Gin Aan 
165 1 7 0 17 5 

Arg Arr-3 Pro Glu Tyr He A1-* Ala Phe- Ti-p Acij Val Val Aen T-rp ABp 

Glu Val Ala, Lys Aro Tyr Ser GLu ALn. Lys Ala, lyf; Ql^ Ser eye- 

1$5 £ DO 205 

Gly Leu Val Pro AX-3 GLy Ser Gly i'xo Gly Sr^r Ala Leu A^n Asp Leu 
2LQ 2 IS * 2 2-0 

Qye He Lys Val Asn Aan Trp Acp Lars Phe Phe Eex Pro Ser Glu Asp 
22? * a 3 G 335 2<u0 

Ajch Phe Thr Asn Asp Leu Asn Ly» Gly Glu Glu He Thr Ser ABp Thr 
24 B 250 2SS 

Apn He Olu Ala Ala Glu Glu Aen lie Per Leu Asp L-fu lie Gin Glu 

££0 2 65 27 0 

Ty r Tyr Leu Thr Fhe Aa-n Phe ABp- Asn Glu Pro Glu Abtj He Svt: lie 
27 5 ?. ? P 2B5- 

Glu Abu Leu Ser ifer A3p Jl-s lie Gly Gin Leu GLu L-eu Wet Pro Asn 
290 255 3 DO 

lit; Glu teg Phe Pro Asn Gly Lyp Lys Tyr Glu Leu Agp Lys Tyr Thr 
3 05 310 il5 32 0 

Met Phe Hi e Tyr Leu Ar^j ALa GLn GLu Phe Glu Hi 3 Gly Lys Ger At 3 

325 33 0 1-5 5 

He ALa Leu Thr ABn Ser V«l Afftt Glu Ala Leu Leu A en Pro Ser Arq 
340 54 5 250 

Val ryr Thr Ph^ Phe Ser Ser Aep Tyr Val Ly* Iry& V6i. Asn Lye Als 
3 55 SEC 36 E 

Titf Olu Ala ALa wet Phe Leo Gly Tip Val Glu Gin Leu Val Tyx Aep 

Phe Thr Aap Glu Tbr Ser Glu Vsl Ser Thr Thx AEp Lye He Ala Aep 

35>0 3.°? OC'O 

He Thr He He lie Pro Tyr He Ely Pro Ala Leu Asn 11c GLy Aen 



- 2 - 



^2L0> 2 

5 ^-212 v P3T 

< 2£3> Bacilluer b tea.ro theism op hi laa 

<4D0> 2 

Met Ftp Pbe Gin Leu Pxo Ala Leu Pre Tyx Pp.? Tyr Asp Ala Leu Glv: 
10 I 5 ID 15 

Pro His lie Asp Lys Glo Thr Met Asn lie Rib Hi b T'hr Lvs His His 
SD 25 30 

15 AEn Thr Tyr Val T'hr Asn Lev Apn Ala Ala L«u Giu G'jy His Pro Asp 



20 



35 



Lev Gin Atfrt Lyn Ser Leu Glu -Glu Leu L*-ii Afjrt Lfcu <34m Ali? Lr-v 

Pro Glu Sex Tie- A^Q Thr JiJLa Vai Axg Aarj Asn Gly Gly <31y Kia Ala 
6*. ?0 7 5 B0 



Aen Hi b Ser Lev Phe Tr?- T'hr Tie Leu Ser Pro Asn Gly Gly Gly Giu 

25 £5 9v SE 

Pco Thr Gly Glu Leu Ala Asp Ile Aei " A L V a L >' B Fhe Gl > r 3er Kie 

ion io-s no 

30 Thr Ala Pbc Lvfci Asp Glu Phe £er lys Ala Al.'* Al* Gly fcxg Phe Gly 

IIS " 12 0 12 & 



3er Giv Trp Ala TW Leu Val Val Asm Asm Gly GHu I^v. Qlu lie Tbn- 

130 i:+5 ' 140 

3er Thr Pro Aan Gin A^p E ; e:r- Pre- Ile Met Glv Gly Ly& Thr Pxc- 

14 E"- ISO 15 5 ' IbO 



Lev Gly Leu Asp Val 'Xrp nlu Hi a Ala Tyr Tyr Lev Lys Tyr Gin Asn 

40 1 £ 5 170 * * 175 

A 37 eg jirg P.rc. Giu Tyr lie Ala Ala Phr Trp Aerj Val Val Asn Txp Aap 

45 Glu V*l Ala Lys Arg Tyr Ser G'lu Ala Lyr, Ai* Ly« 

195 200 



50 <210> 3 

-£1.1:. IDS? 

<2i: j ^ Artificial Seq-aerjce 
55 < 2 2 0 :■ 

PEBCxiption of Artificial Satjucnce r cone Cruet 

Met Pro Phe Giv L^n Pro Ala Leu Etd Tyr Pro Tvr A£p Ala Leu Glu 
60 1 5 10 A IB 

Pro Kia lie Acp lys Glu Thr Met A&n lie His His Thr Lya His Hiff 
2 0 2 5 3D 

65 Asn T'hr Tyr Val Thx Asn l*su Asn Als Ala Leu Glu <31y Hi3 Pro Asp 

35 410 45 
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r;i20> 2 D$y4 GOD - hc^vy chai n coniviqatcf 

-=rl4X> 

*- L 5-0 > 9B24 2S2.S? 

-Il51> 1S-36-11-0S 

-= 1 7 0 > Patexit. Ii-j Vei- . 2.1 

c 2 1 u > I 
*2ll> 204 
*212> PUT 

<213> B»cil\ue caldoterjEX 

<4 00> 1 

Ket Ftc the Glu Lr-u Pro Ala Leu Pro Tyx Pre Tvx Asp AJLa Ueo C?iu 
1 S 1C 15- 

Pro Hie lie Aep Lyr* G'lu Thr- Wet Aan lie Kis Hie Thx Ly3 Hi::, Hit. 
£ 0 25 3d 

lusrs Thr Tyx Val Thr AM*i Leu Aen Ala Ala I-eu Glu Gly His Pro AGp 
3 5 4 1 J 4 5 

Lrr-v Gin Asr, Lye Ser leu Glu Glu L-su L-eu ser Aen Leu Glu Ala Len 
5 b 5 5 6 Li 

Pro Glu Scr lie Ar^ Thx- Ala Val Arg Aerj A an Gly Gly Gly Hie Ala 
65 7D " BO 

Aetj Hip Ser Lem Pbc Ttp Thr il? Leu Ser Pro Abxj Gly Gly Gly Glu 

Pro Thx Glv £lu Leu Ala Glu Ala lie Abvj Lye Lye Phe Gly Sex Phe 
2 00 10E 110 

TLj." Ala Phe V/jS Asp. Glu Ftiej Lys Al?« Al* Ala Gly Arg Phe Gly 

L15 " 120 ~ i25 

Bex G)y Trp Ala Txp. Lon Val V*l Aeiji A en -Sly ^lu Leu Glu He Thr 
130 13S 14D 

Sex Thr Pro Aer, Girj Aep Ser Pro 2 1* Met Glu Gly Lye Thr Pro lie 
1-15- 3.50 IBS l&D 

L-eu Gly Leu Asp Val Trp 31 u KiB Ala Tyr Tyr Leu Lys Tyr Gin asji 
IliSL 170 175 

Arg Ar^ Pro Glu Tyx 11* Ala Ala Phe Txp Aen lie Val Trp AEp 

13P L9S 1$0 

Qlu val Ala Lye Ar^f Tyr Ser Glv Ala Lr/r A2& lye 
195 2 GO 
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<220> 

<223> Description of Artificial Sequence: modified human 
mitochondrial leader sequence 

5 <400> 11 

Met Leu Ser Arg Ala Val Cys Gly Thr Ser Arg Gin Leu Ala Pro Ala 
.1 5 10 15 

Leu Gly Tyr Leu Gly Ser Arg Gin 
10 20 
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Leu Gly Tyr Leu Gly Ser Arc Gin Lys His Ser Arg Gly Ser Pre Ala 

20 ' 25 30 

Leu Pro Tyr Pro Tyr Asp Ala Leu Glu Pro His lie Asp Lys Glu Thr 

5 3 5 4 0 4 5 

Met Asn lie His His Thr Lys His His Asn Thr Tyr Val Thr Asn Leu 

5C 55 60 

1 0 Asn Ala Ala Leu Glu Gly His Pro Asp Leu Gin Asn Lys Ser Leu Glu 

65 70 75 80 



1 5 



30 



60 



Glu Leu Leu Ser Asn Leu Glu Ala Leu Pro Glu Ser lie Arg Thr Ala 

B5 90 95 

Val Arg Asn Asn Gly Gly Gly His Ala Asn His Ser Leu Phe Trp Thr 

100 " ]05 no 



He Leu Ser Pro Asn Gly Gly Gly Glu Pro Thr Gly Glu Leu Ala Asp 

20 115 1?0 125 

Ala He Asn Lys Lvs Phe Gly Ser Phe Thr Ala Phe Lys Asp Glu Phe 

130 135 140 

25 Ser Lys Ala Ala Ala Gly Arg Phe Gly Ser Gly Trp Ala Trp Leu Val 

145 * 150 155 160 



Val Asn Asn Gly Glu Leu Glu He Thr Ser Thr Pro Asn Gin Asp Ser 

165 170 175 

Pro He Met Glu Gly Lys Thr Pro He Leu Gly Leu Asp Val Trp Glu 

180 185 190 



His Ala Tyr Tyr Leu Lys Tyr Gin Asn Arg Arg Pro Glu Tyr He Ala 

35 195 200 205 

Ala Phe Trp Asn Val Val Asn Trp Asp Glu Val Ala Lys Arg Tyr Ser 
210 215 220 

40 Glu Ala Lys Ala Lys 

225 



45 <210> 10 

<211> 24 

<212> PRT 

<213> Artificial Sequence 

50 <220> 

<223> Description of Artificial Sequence: modified human 
mitocondrial leader sequence 

<400> 10 

5 5 Met Leu Ser Arg Ala Val Ser Gly Thr Ser Arg Gin Leu Ala Pro Ala 

15 10 15 



Leu Gly Tyr Leu Gly Ser Arg Gin 
20 



<210> 11 
<211> 24 
65 <212> PRT 



!13> Artificial Sequence 
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Val Thr lie Thr Asn Asn Arg Leu Gly Asn Ser Arg He Tyr He Asn 
820 825 830 

Gly Asn Leu He Asp Glu Lys Ser He Ser Asn Leu Gly Asp He His 
835 ^ 8 4 0 84 5 

Val Ser Asp Asn He Leu Phe Lys He Val Gly Cys Asn Asp Thr Arg 
850 855 860 

Tyr Val Gly He Arg Tyr Phe Lys Val Phe Asp Thr Glu Leu Gly Lys 
865 870 875 880 

Thr Glu He Glu Thr Leu Tyr Ser Asp Glu Pro Asp Pro Ser He Leu 
885 890 895 

Lys Asp Phe Trp Gly Asn Tyr Leu Leu Tyr Asn Lys Arg Tyr Tyr Leu 
900 905 910 

Leu Asn Leu Leu Arg Thr Asp Lys Ser He Thr Gin Asn Ser Asn Phe 
915 920 925 

Leu Asn He Asn Gin Gin Arg Gly Val Tyr Gin Lys Pro Asn lie Phe 
930 935 940 

Ser Asn Thr Arg Leu Tyr Thr Gly Val Glu Val He He Arg Lys Asn 
945 950 ' 955 960 

Gly Ser Thr Astd He Ser Asn Thr Asp Asn Phe Val Arg Lys Asn Asp 
965 970 975 

Leu Ala Tyr He Asn Val Val Asp Arg Asp Val Glu Tyr Arg Leu Tyr 
980 985 990 

Ala Asp He Ser He Ala Lys Pro Glu Lys He He Lys Leu He Arg 
995 1000 1005 

Thr Ser Asn Ser Asn Asn Ser Leu Gly Gin He He Val Met Asp Ser 
1010 1015 1020 

He Gly Asn Asn Cys Thr Met Asn Phe Gin Asn Asn Asn Gly Gly Asn 
1025 1030 1035 1040 

He Gly Leu Leu Gly Phe His Ser Asn Asn Leu Val Ala Ser Ser Trp 
1045 1050 1055 

Tyr Tyr Asn Asn He Arg Lys Asn Thr Ser Ser Asn Gly Cys Phe Trp 
1060 1065 1070 

Ser Phe He Ser Lys Glu His Gly Trp Gin Glu Asn 
1075 1080 



<210> 9 
<211> 229 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: polypeptide 

comprising a mitochondrial leader from human MnSOD 
and B. S tearothermophi lus SOD 



<400> 9 

Met Leu Ser Arg Ala Val Cys Gly Thr Ser Arg Gin Leu Ala Pro Ala 
15 10 15 
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4SC 



Leu Leu lie Pre Thr lie Leu Val Phe Thr He Lys Ser Phe He Gly 
465 470 475 4 6 0 

Ser Ser Glu Asn Lys Asn Lys lie He Lys Ala He Asn Asr. Ser Leu 
485 * 490 495 

Met Glu Arg Glu Thr Lys Trp Lys Glu He Tyr Ser Trp He Val Ser 
500 ' 505 510 

Asn Trp Leu Thr Arg He Asn Thr Gin Phe Asn Lys Arg Lvs Glu Gin 
515 520 525 

Met Tyr Gin Ala Leu Gin Asn Gin Val Asp Ala He Lys Thr Val He 
530 535 540 

Glu Tyr Lys Tyr Asn Asn Tyr Thr Ser Asp Glu Arg Asn Arc Leu Glu 
545 * *" ' 550 ^ 555 560 

Ser Glu Tyr Asn He Asn Asn He Arg Glu Glu Leu Asn Lys Lys Val 
565 570 575 

Ser Leu Ala Met Glu Asn He Glu Arg Phe He Thr Glu Ser Ser He 
580 585 590 

Phe Tyr Leu Met Lys Leu He Asn Glu Ala Lys Val Ser Lys Leu Arg 
595 600 605 

Glu Tyr Asp Glu Gly Val Lys Glu Tyr Leu Leu Asp Tyr He Ser Glu 
6l0 615 620 

His Arg Ser He Leu Gly Asn Ser Val Gin Glu Leu Asn Asp Leu Val 
625 630 635 640 

Thr Ser Thr Leu Asn Asn Ser He Pro Phe Glu Leu Ser Ser Tyr Thr 
645 650 655 

Asn Asp Lys He Leu He Leu Tyr Phe Asn Lys Leu Tyr Lys Lys He 
660 665 670 

Lys Asp Asn Ser He Leu Asp Met Arg Tyr Glu Asn Asn Lys Phe He 
675 680 685 

Asp He Ser Gly Tyr Gly Ser Asn He Ser He Asn Gly Asp Val Tyr 
690 695 700 

He Tyr Ser Thr Asn Arg Asn Gin Phe Gly He Tyr Ser Ser Lys Pro 
705 710 715 " 720 

Ser Glu Val Asn He Ala Gin Asn Asn Asp He He Tyr Asn Gly Arg 
725 730 735 

Tyr Gin Asn Phe Ser He Ser Phe Trp Val Arg He Pro Lys Tyr Phe 
740 745 750 

Asn Lys Val Asn Leu Asn Asn Glu Tyr Thr He He Asp Cys He Arg 
755 760 765 

Asn Asn Asn Ser Gly Trp Lys He Ser Leu Asn Tyr Asn Lys He lie 
770 775 780 

Trp Thr Leu Gin Asp Thr Ala Gly Asn Asn Gin Lys Leu Val Phe Asn 
785 790 795 800 

Tyr Thr Gin Met He Ser He Ser Asp Tyr He Asn Lys Trp He Phe 
805 810 R15 
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Val Arg Asn Asn Gly Gly Gly His Ala Asn His Ser Leu Phe Trp Thr 
100 105 110 

lie Leu Ser Pro Asn Gly Gly Gly Glu Pro Thr Gly Glu Leu Ala Asp 
115 120 125 

Ala lie Asn Lys Lys Phe Gly Ser Phe Thr Ala Phe Lys Asp Glu Phe 
130 135 140 

Ser Lys Ala Ala Ala Gly Arg Phe Gly Ser Gly Trp Ala Trp Leu Val 
145 150 155 160 

Val Asn Asn Gly Glu Leu Glu lie Thr Ser Thr Pro Asn Gin Asp Ser 
165 170 175 

Pro lie Met Glu Gly Lys Thr Pro lie Leu Gly Leu Asp Val Trp Glu 
180 185 190 

His Ala Tyr Tyr Leu Lys Tyr Gin Asn Arg Arg Pro Glu Tyr lie Ala 
195 " 200 205 

Ala Phe Trp Asn Val Val Asn Trp Asp Glu Val Ala Lys Arg Tyr Ser 
210 215 220 

Glu Ala Lys Ala Lys Gin Arg Ser Cys Gly Leu Val Pro Arg Gly Ser 
225 230 235 240 

Gly Pro Gly Ser Lys Ala Pro Pro Arg Leu Cys lie Arg Val Asn Asn 
245 250 255 

Arg Glu Leu Phe Phe Val Ala Ser Glu Ser Ser Tyr Asn Glu Asn Asp 
260 265 270 

lie Asn Thr Pro Lys Glu lie Asp Asp Thr Thr Asn Leu Asn Asn Asn 
275 280 285 

Tyr Arg Asn Asn Leu Asp Glu Val lie Leu Asp Tyr Asn Ser Glu Thr 
290 * 295 300 

lie Pro Gin lie Ser Asn Gin Thr Leu Asn Thr Leu Val Gin Asp Asp 
305 310 315 320 

Ser Tyr Val Pro Arg Tyr Asp Ser Asn Gly Thr Ser Glu lie Glu Glu 
325 330 335 

His Asn Val Val Asp Leu Asn Val Phe Phe Tyr Leu His Ala Gin Lys 
340 345 350 

Val Pro Glu Gly Glu Thr Asn lie Ser Leu Thr Ser Ser lie Asp Thr 
355 360 365 

Ala Leu Ser Glu Glu Ser Gin Val Tyr Thr Phe Phe Ser Ser Glu Phe 
370 375 380 

lie Asn Thr lie Asn Lys Pro Val His Ala Ala Leu Phe lie Ser Trp 
385 390 395 400 

lie Asn Gin Val lie Arg Asp Phe Thr Thr Glu Ala Thr Gin Lys Ser 
405 410 415 

Thr Phe Asp Lys lie Ala Asp lie Ser Leu Val Val Pro Tyr Val Gly 
420 425 430 

Leu Ala Leu Asn lie Gly Asn Glu Val Gin Lys Glu Asn Phe Lys Glu 
435 440 445 

Ala Phe Glu Leu Leu Gly Ala Gly lie Leu Leu Glu Phe Val Pro Glu 
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Met Tyr Asn Lys Glu Tyr Tyr Met Phe Asn Ala Gly Asn Lys Asn Ser 
900 " J 905 SIC 

Tvr lie Lys Leu Lvs Lvs Asp Ser Pro Val Gly Glu lie Leu Thr Arg 
915 ' " 92C 925 

Ser Lys Tyr Asn Gin Asn Ser Lys Tyr He Asn Tyr Arg Asp Leu Tyr 
930 ' 935 940 

He Gly Glu Lvs Phe He He Arg Arg Lys Ser Asn Ser Gin Ser He 
945 ' 950 955 960 

Asn Asp Asp He Val Arg Lys Glu Asp Tyr lie Tyr Leu Asp Phe Phe 
965 97C 975 

Asn Leu Asn Gin Glu Trp Arg Val Tyr Thr Tyr Lys Tyr Phe Lys Lys 
980 985 990 

Glu Glu Glu Lys Leu Phe Leu Ala Pro He Ser Asp Ser Asp Glu Phe 
995 " 1000 1005 

Tyr Asn Thr He Gin lie Lys Glu Tyr Asp Glu Gin Pro Thr Tyr Ser 
1010 1015 1020 

Cys Gin Leu Leu Phe Lys Lys Asp Glu Glu Ser Thr Asp Glu He Gly 
1025 1030 " 1035 1040 

Leu He Gly He His Arg Phe Tyr Glu Ser Gly He Val Phe Glu Glu 
1045 1050 1055 

Tvr Lys Asp Tyr Phe Cys He Ser Lys Trp Tyr Leu Lys Glu Val Lys 
1060 1065 1070 

Arg Lys Pro Tyr Asn Leu Lys Leu Gly Cys Asn Trp Gin Phe He Pro 
1075 1080 1085 

Lys Asp Glu Gly Trp Thr Glu 
1090 1095 



<210> 8 
<211> 1084 
<212> PRT 

< 2 1 3 > Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : construct 
<400> 8 

Met Leu Ser Arg Ala Val Cys Gly Thr Ser Arg Gin Leu Ala Pro Ala 
15 10 15 

Leu Gly Tyr Leu Gly Ser Arg Gin Lys His Ser Arg Glv Ser Pro Ala 
20 " 25 30 

Leu Pro Tyr Pro Tyr Asp Ala Leu Glu Pro His lie Asp Lys Glu Thr 
35 40 45 

Met Asn He His His Thr Lys His His Asn Thr Tyr Val Thr Asn Leu 
50 55 60 

Asn Ala Ala Leu Glu Gly His Pro Asp Leu Gin Asn Lys Ser Leu Glu 
65 70 75 80 

Glu Leu Leu Ser Asn Leu Glu Ala Leu Pro Glu Ser He Arg Thr Ala 
85 90 95 
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530 535 540 

Tyr Ser Glu Lys Glu Lys Ser Asn He Asn He Asp Phe Asn Asp He 
545 550 555 560 

Asn Ser Lys Leu Asn Glu Gly He Asn Gin Ala He Asp Asn He Asn 
565 570 575 

Asn Phe He Asn Gly Cys Ser Val Ser Tyr Leu Met Lys Lys Met He 
580 585 590 

Pro Leu Ala Val Glu Lys Leu Leu Asp Phe Asp Asn Thr Leu Lys Lys 
595 600 605 

Asn Leu Leu Asn Tvr He Asp Glu Asn Lys Leu Tyr Leu He Gly Ser 
610 ~ 615 620 

Ala Glu Tyr Glu Lvs Ser Lys Val Asn Lys Tyr Leu Lys Thr He Met 
625 ' 630 635 640 

Pro Phe Asp Leu Ser He Tyr Thr Asn Asp Thr He Leu He Glu Met 
645 650 655 

Phe Asn Lys Tyr Asn Ser Glu He Leu Asn Asn He He Leu Asn Leu 
660 665 670 

Arg Tyr Lys Asp Asn Asn Leu He Asp Leu Ser Gly Tyr Gly Ala Lys 
675 680 685 

Val Glu Val Tyr Asp Gly Val Glu Leu Asn Asp Lys Asn Gin Phe Lys 
690 695 700 

Leu Thr Ser Ser Ala Asn Ser Lys He Arg Val Thr Gin Asn Gin Asn 
705 710 715 720 

He He Phe Asn Ser Val Phe Leu Asp Phe Ser Val Ser Phe Trp He 
725 730 735 

Arg He Pro Lys Tyr Lys Asn Asp Gly He Gin Asn Tyr lie His Asn 
740 745 750 

Glu Tyr Thr He He Asn Cys Met Lys Asn Asn Ser Gly Trp Lys He 
755 760 765 

Ser He Arg Gly Asn Arg He He Trp Thr Leu He Asp He Asn Gly 
770 775 780 

Lys Thr Lys Ser Val Phe Phe Glu Tyr Asn He Arg Glu Asp He Ser 
785 790 795 800 

Glu Tyr He Asn Arg Trp Phe Phe Val Thr He Thr Asn Asn Leu Asn 
805 810 815 

Asn Ala Lys He Tyr He Asn Gly Lys Leu Glu Ser Asn Thr Asp He 
820 825 830 

Lys Asp He Arg Glu Val He Ala Asn Gly Glu He He Phe Lys Leu 
835 840 845 

Asp Gly Asp He Aso Arg Thr Gin Phe He Trp Met Lys Tyr Phe Ser 
850 855 860 

He Phe Asn Thr Glu Leu Ser Gin Ser Asn He Glu Glu Arg Tyr Lys 
865 870 875 880 

He Gin Ser Tyr Ser Glu Tyr Leu Lys Asp Phe Trp Gly Asn Pro Leu 
885 890 895 
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Pro lie Met Glu Giv Lys Thr Pro lie Leu Gly Leu Asp Val Trp Glu 
180 ~ ^ 1C5 :.9C 

His Ala Tyr Tyr Leu Lys Tyr Gin Asn Arg Arg Pro Glu Tyr He Ala 
195 - * 200 205 

Ala Phe Trp Asn Val Val Asn Trp Asp Glu Val Ala Lys Arg Tyr Ser 
210 215 220 

Glu Ala Lys Ala Lvs Gin Arg Ser Cys Gly Leu Val Pro Arg Gly Ser 
225 230 235 240 

Gly Pro Gly Ser Lys Ala Pro Gly He Cys He Asp Val Asp Asn Glu 
245 250 255 

Asp Leu Phe Phe He Ala Asp Lys Asn Ser Phe Ser Asp Asp Leu Ser 
260 265 27 0 

Lys Asn Glu Arg lie Glu Tyr Asn Thr Gin Ser Asn Tyr He Glu Asn 
275 280 265 

Asp Phe Pro He Asn Glu Leu lie Leu Asp Thr Asp Leu He Ser Lys 
290 295 300 

He Glu Leu Pro Ser Glu Asn Thr Glu Ser Leu Thr Asp Phe Asn Val 
305 310 315 320 

Asp Val Pro Val Tyr Glu Lys Gin Pro Ala He Lys Lys He Phe Thr 
325 330 335 

Asp Glu Asn Thr He Phe Gin Tyr Leu Tyr Ser Gin Thr Phe Pro Leu 
340 345 350 

Asp He Arg Asp He Ser Leu Thr Ser Ser Phe Asp Asp Ala Leu Leu 
355 360 365 

Phe Ser Asn Lys Val Tyr Ser Phe Phe Ser Met Asp Tyr He Lys Thr 
370 375 380 

Ala Asn Lys Val Val Glu Ala Gly Leu Phe Ala Gly Trp Val Lys Gin 
385 390 395 400 

He Val Asn Asp Phe Val He Glu Ala Asn Lys Ser Asn Thr Met Asp 
405 410 415 

Lys He Ala Asp lie Ser Leu lie Val Pro Tyr He Gly Leu Ala Leu 
420 425 430 

Asn Val Gly Asn Glu Thr Ala Lys Gly Asn Phe Glu Asn Ala Phe Glu 
435 440 445 

lie Ala Gly Ala Ser He Leu Leu Glu Phe He Pro Glu Leu Leu He 
450 455 460 

Pro Val Val Gly Ala Phe Leu Leu Glu Ser Tyr He Asp Asn Lys Asn 
465 470 475 480 

Lvs He He Lys Thr He Asp Asn Ala Leu Thr Lys Arg Asn Glu Lys 
485 490 495 

Trp Ser Asp Met Tyr Gly Leu He Val Ala Gin Trp Leu Ser Thr Val 
500 505 510 

Asn Thr Gin Phe Tyr Thr He Lys Glu Gly Met Tyr Lys Ala Leu Asn 
515 520 525 

Tyr Gin Ala Gin Ala Leu Glu Glu He He Lys Tyr Arg Tyr Asn lie 
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Tyr lie Asn Val Val Val Lys Asn Lys Glu Tyr Arg Leu Ala Thr Asn 
980 985 990 

Ala Ser Gin Ala Gly Val Glu Lys lie Leu Ser Ala Leu Glu He Pro 
995 1000 1005 

Asp Val Gly Asn Leu Ser Gin Val Val Val Met Lys Ser Lys Asn Asp 
1010 1015 1020 

Gin Gly lie Thr Asn Lys Cys Lvs Met Asn Leu Gin Asp Asn Asn Gly 
1025 1030 1035 1040 

Asn Asp lie Gly Phe lie Gly Phe His Gin Phe Asn Asn He Ala Lys 
1045 1050 1055 

Leu Val Ala Ser Asn Trp Tyr Asn Arg Gin He Glu Arg Ser Ser Arg 
1060 1065 1070 

Thr Leu Gly Cys Ser Trp Glu Phe He Pro Val Asp Asp Gly Trp Gly 
1075 1080 1085 



Glu Arg Pro Leu 

1090 



<210> 7 
<211> 1095 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : cons tract 
<400> 7 

Met Leu Ser Ara Ala Val Cys Gly Thr Ser Arg Gin Leu Ala Pro Ala 
1 5 10 15 

Leu Gly Tyr Leu Gly Ser Arg Gin Lys His Ser Arg Gly Ser Pro Ala 
20 25 30 

Leu Pro Tyr Pro Tyr Asp Ala Leu Glu Pro His He Asp Lvs Glu Thr 
35 40 45 

Met Asn He His His Thr Lys His His Asn Thr Tyr Val Thr Asn Leu 
50 55 60 

Asn Ala Ala Leu Glu Gly His Pro Asp Leu Gin Asn Lys Ser Leu Glu 
65 70 75 80 

Glu Leu Leu Ser Asn Leu Glu Ala Leu Pro Glu Ser He Arg Thr Ala 
85 90 95 

Val Arg Asn Asn Gly Gly Gly His Ala Asn His Ser Leu Phe Trp Thr 
100 105 HO 

He Leu Ser Pro Asn Gly Gly Gly Glu Pro Thr Gly Glu Leu Ala Asp 
115 120 125 

Ala He Asn Lys Lys Phe Gly Ser Phe Thr Ala Phe Lys Asp Glu Phe 
130 135 140 

Ser Lys Ala Ala Ala Gly Arg Phe Gly Ser Gly Trp Ala Trp Leu Val 
145 150 155 160 

Val Asn Asn Gly Glu Leu Glu He Thr Ser Thr Pro Asn Gin Asp Ser 
165 170 175 
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610 615 €2 0 

Thr Leu lie Gly Gin Val Asp Arg Leu Lys Asp Lys Val As:; Asn Thr 
625 ' 630 £35 640 

Leu Ser Thr Asp lie Pro Phe Gin Leu Ser Lys Tyr Val Asp Asn Gin 
645 650 ~ ' ~ 655 

Arg Leu Leu Ser Thr Phe Thr Glu Tyr lie Lys Asn He He Asn Thr 
660 665 " 67C 

Ser He Leu Asn Leu Arg Tyr Glu Ser Asn His Leu lie Asp Leu Ser 
675 " " 680 6S5 

Arg Tyr Ala Ser Lys He Asn He Gly Ser Lys Val Asn Phe Asp Pro 
690 " 695 7C C 

He Asp Lys Asn Gin He Gin Leu Phe Asn Leu Glu Ser Ser Lys He 
705 ' 710 715 ' 720 

Glu Val He Leu Lys Asn Ala He Val Tyr Asn Ser Met Tyr Glu Asn 
725 730 735 

Phe Ser Thr Ser Phe Trp He Arg He Pro Lys Tyr Phe Asn Ser He 
740 745 750 

Ser Leu Asn Asn Glu Tyr Thr He He Asn Cys Met Glu Asn Asn Ser 
755 "* 760 765 

Gly Trp Lys Val Ser Leu Asn Tyr Gly Glu He He Trp Thr Leu Gin 
770 775 780 

Asp Thr Gin Glu He Lys Gin Arg Val Val Phe Lys Tyr Ser Gin Met 
785 790 795 800 

He Asn He Ser Asp Tyr He Asn Arg Trp He Phe Val Thr He Thr 
805 810 815 

Asn Asn Arg Leu Asn Asn Ser Lys He Tyr He Asn Gly Arg Leu He 
820 825 830 

Asp Gin Lys Pro lie Ser Asn Leu Gly Asn lie His Ala Ser Asn Asn 
835 840 - 845 

He Met Phe Lys Leu Asp Gly Cys Arg Asp Thr His Arg Tyr He Trp 
850 855 860 

lie Lys Tyr Phe Asn Leu Phe Asp Lys Glu Leu Asn Glu Lys Glu He 
865 870 ' 875 880 

Lys Asp Leu Tyr Asp Asn Gin Ser Asn Ser Gly He Leu Lys Asp Phe 
885 890 895 

Trp Gly Asp Tyr Leu Gin Tyr Asp Lys Pro Tyr Tyr Met Leu Asn Leu 
900 905 910 

Tyr Asp Pro Asn Lys Tyr Val Asp Val Asn Asn Val Gly He Arg Gly 
915 920 925 

Tyr Met Tyr Leu Lys Gly Pro Arg Gly Ser Val Met Thr Thr Asn He 
930 935 940 

Tyr Leu Asn Ser Ser Leu Tyr Arg Gly Thr Lys Phe He Tie Lys Lys 
945 950 955 960 

Tyr Ala Ser Gly Asn Lys Asp Asn He Val Arg Asn Asn Asp Arg Val 
965 970 975 
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Asp Leu Phe Phe Ser Pro Ser Glu Asp Asn Phe Thr Asn Asp Leu Asn 
260 265 270 

Lys Glv Glu Glu He Thr Ser Asp Thr Asn He Glu Ala Ala Glu Glu 
275 280 285 

Asn He Ser Leu Asp Leu He Gin Gin Tyr Tyr Leu Thr Phe Asn Phe 
290 295 300 

Asp Asn Glu Pro Glu Asn He Ser He Glu Asn Leu Ser Ser Asp He 
305 310 315 320 

lie Gly Gin Leu Glu Leu Met Pro Asn He Glu Arg Phe Pro Asn Gly 
325 330 335 

Lys Lys Tyr Glu Leu Asp Lys Tyr Thr Met Phe His Tyr Leu Arg Ala 
340 345 350 

Gin Glu Phe Glu His Gly Lys Ser Arg lie Ala Leu Thr Asn Ser Val 
355 360 365 

Asn Glu Ala Leu Leu Asn Pro Ser Arg Val Tyr Thr Phe Phe Ser Ser 
370 375 380 

Asp Tyr Val Lys Lys Val Asn Lys Ala Thr Glu Ala Ala Met Phe Leu 
385 390 "* 395 400 

Gly Trp Val Glu Gin Leu Val Tyr Asp Phe Thr Asp Glu Thr Ser Glu 
405 410 415 

Val Ser Thr Thr Asp Lys He Ala Asp He Thr He He He Pro Tyr 
420 425 430 

He Gly Pro Ala Leu Asn He Gly Asn Met Leu Tyr Lys Asp Asp Phe 
435 440 445 

Val Gly Ala Leu lie Phe Ser Gly Ala Val He Leu Leu Glu Phe lie 
45C 455 460 

Pro Glu He Ala He Pro Val Leu Gly Thr Phe Ala Leu Val Ser Tyr 
465 470 475 480 

He Ala Asn Lys Val Leu Thr Val Gin Thr He Asp Asn Ala Leu Ser 
485 4 90 495 

Lys Arg Asn Glu Lys Trp Asp Glu Val Tyr Lys Tyr He Val Thr Asn 
500 505 510 

Trp Leu Ala Lvs Val Asn Thr Gin lie Asp Leu He Arg Lys Lys Met 
515 " 520 525 

Lys Glu Ala Leu Glu Asn Gin Ala Glu Ala Thr Lys Ala He He Asn 
530 535 540 

Tyr Gin Tyr Asn Gin Tyr Thr Glu Glu Glu Lys Asn Asn He Asn Phe 
545 550 555 560 

Asn lie Asp Asp Leu Ser Ser Lvs Leu Asn Glu Ser lie Asn Lys Ala 
565 570 575 

Met He Asn He Asn Lys Phe Leu Asn Gin Cys Ser Val Ser Tyr Leu 
580 565 590 

Met Asn Ser Met lie Pro Tyr Gly Val Lys Arg Leu Glu Asp Phe Asp 
595 600 605 

Ala Ser Leu Lys Asp Ala Leu Leu Lys Tyr lie Tyr Asp Asn Arg Gly 
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Asn Leu Val Ala Ser Ser Trp Tyr Tyr Asn Asn He Arg Lys Asn Thr 

1025 1030 " " * 1023 1040 

Ser Ser Asn Gly Cys Phe Trp Ser Phe He Ser Lys Glu His Gly Trp 

1045 * 1050 1055 

Gin Glu Asn 



<210> 6 
<211> 1092 
<212> PRT 

<213> Artificial Sequence 
< 2 2 0 > 

<223> Description of Artificial Sequence : cons true t 
<400> 6 

Met Leu Ser Arg Ala Val Cys Gly Thr Ser Arg Gin Leu Ala Pro Ala 
1 5 * " 10 15 

Leu Gly Tvr Leu Gly Ser Arg Gin Lys His Ser Arg Gly Ser Pro Ala 
20 25 30 

Leu Pro Tyr Pro Tyr Asp Ala Leu Glu Pro His He Asp Lys Glu Thr 
35 * 40 45 

Met Asn He His His Thr Lys His His Asn Thr Tyr Val Thr Asn Leu 
50 55 60 

Asn Ala Ala Leu Glu Gly His Pro Asp Leu Gin Asn Lys Ser Leu Glu 
65 70 75 80 

Glu Leu Leu Ser Asn Leu Glu Ala Leu Pro Glu Ser lie Arg Thr Ala 
85 90 95 

Val Arg Asn Asn Gly Glv Gly His Ala Asn His Ser Leu Phe Trp Thr 
100 " 105 110 

He Leu Ser Pro Asn Gly Gly Gly Glu Pro Thr Gly Glu Leu Ala Asp 
115 120 125 

Ala He Asn Lys Lvs Phe Gly Ser Phe Thr Ala Phe Lys Asp Glu Phe 
130 ' 135 140 

Ser Lys Ala Ala Ala Gly Arg Phe Gly Ser Gly Trp 7^1a Trp Leu Val 
145 150 155 160 

Val Asn Asn Gly Glu Leu Glu He Thr Ser Thr Pro Asn Gin Asp Ser 
165 170 175 

Pro lie Met Glu Gly Lys Thr Pro He Leu Gly Leu Asp Val Trp Glu 
180 185 190 

His Ala Tyr Tyr Leu Lys Tyr Gin Asn Arg Arg Pro Glu Tyr He Ala 
195 ' 200 " ~ 205 

Ala Phe Trp Asn Val Val Asn Trp Asp Glu Val Ala Lyn Arg Tyr Ser 
210 215 220 

Glu Ala Lys Ala Lys Gin Arg Ser Cys Gly Leu Val Pro Arg Gly Ser 
225 230 235 240 

Gly Pro Gly Ser Ala Leu Asn Asp Leu Cys Tie Lys Val Asn Asn Trp 
245 250 255 
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660 665 670 

Ser lie Asn Gly Asp Val Tyr lie Tyr Ser Thr Asn Arg Asn Gin Phe 
675 680 685 

5 

Gly lie Tyr Ser Ser Lys Pro Ser Glu Val Asn lie Ala Gin Asn Asn 
690 695 70C 

Asp lie lie Tyr Asn Gly Arg Tyr Gin Asn Phe Ser lie Ser Phe Trp 
10 705 710 715 720 

Val Arg lie Pro Lys Tyr Phe Asn Lys Val Asn Leu Asn Asn Glu Tyr 
725 730 735 

15 Thr lie lie Asp Cys lie Arg Asn Asn Asn Ser Gly Trp Lys lie Ser 

740 745 750 



20 



35 



50 



65 



Leu Asn Tyr Asn Lys lie lie Trp Thr Leu Gin Asp Thr Ala Gly Asn 

755 760 765 

Asn Gin Lys Leu Val Phe Asn Tyr Thr Gin Met lie Ser lie Ser Asp 

770 775 780 



Tyr He Asn Lys Trp He Phe Val Thr He Thr Asn Asn Arg Leu Gly 

25 785 790 795 800 

Asn Ser Arg He Tyr He Asn Gly Asn Leu He Asp Glu Lys Ser He 

805 810 815 

30 Ser Asn Leu Gly Asp He His Val Ser Asp Asn lie Leu Phe Lys He 

820 825 830 



Val Gly Cys Asn Asp Thr Arg Tyr Val Gly He Arg Tyr Phe Lys Val 

835 840 845 

Phe Asp Thr Glu Leu Gly Lys Thr Glu He Glu Thr Leu Tyr Ser Asp 

850 855 860 



Glu Pro Asp Pro Ser He Leu Lys Asp Phe Trp Gly Asn Tyr Leu Leu 

40 865 ~ 870 875 880 

Tyr Asn Lys Arg Tyr Tyr Leu Leu Asn Leu Leu Arg Thr Asp Lys Ser 

885 890 * 895 

45 He Thr Gin Asn Ser Asn Phe Leu Asn He Asn Gin Gin Arg Gly Val 

900 905 91C 



Tyr Gin Lys Pro Asn He Phe Ser Asn Thr Arg Leu Tyr Thr Gly Val 
915 920 925 

Glu Val He He Arg Lys Asn Gly Ser Thr Asp He Ser Asn Thr Asp 
930 935 940 



Asn Phe Val Arg Lys Asn Asp Leu Ala Tyr He Asn Val Val Asp Arg 

55 945 950 955 960 

Asp Val Glu Tyr Arg Leu Tyr Ala Asp lie Ser He Ala Lys Pro Glu 

965 " 970 ' 975 

60 Lys He He Lys Leu He Arg Thr Ser Asn Ser Asn Asn Ser Leu Gly 

980 985 990 



Gin He He Val Met Asp Ser He Gly Asn Asn Cys Thr Met Asn Phe 

995 1000 1005 

Gin Asn Asn Asn Gly Gly Asn He Gly Leu Leu Gly Phe His Ser Asn 

1010 1015 1020 
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Glv Thr Ser Glu lie Glu Glu His Asn Val Val Asp Leu Asr. Val ?he 

3 05 310 3 15 32 0 

Phe Tvr Leu His Ala Gin Lys Val Pro Glu Gly Glu Thr Asn lie Ser 

5 * 325 * 330 335 

Leu Thr Ser Ser lie Asp Thr Ala Leu Ser Glu Glu Ser Gin Val Tyr 

340 * 345 350 

10 Thr Phe Phe Ser Ser Glu Phe He Asn Thr He Asn Lys Pre Val His 

355 360 365 



15 



30 



45 



60 



Ala Ala Leu Phe He Ser Trp He Asn Gin Val He Arg Asp Phe Thr 

370 375 380 

Thr Glu Ala Thr Gin Lys Ser Thr Phe Asp Lys He Ala Asp He Ser 

385 390 * 395 400 



Leu Val Val Pro Tyr Val Gly Leu Ala Leu Asn lie Gly Asn Glu Val 

20 405 410 415 

Gin Lys Glu Asn Phe Lys Glu Ala Phe Glu Leu Leu Gly Ala Gly He 

420 425 430 

25 Leu Leu Glu Phe Val Pro Glu Leu Leu He Pro Thr He Leu Val Phe 

435 440 445 



Thr He Lys Ser Phe He Gly Ser Ser Glu Asn Lys Asn Lys He He 

450 455 460 

Lys Ala He Asn Asn Ser Leu Met Glu Arg Glu Thr Lys Trp Lys Glu 

465 470 475 480 



He Tyr Ser Trp He Val Ser Asn Trp Leu Thr Arg He Asn Thr Gin 

35 485 490 495 

Phe Asn Lys Arg Lys Glu Gin Met Tyr Gin Ala Leu Gin Asn Gin Val 

500 505 510 

40 Asp Ala He Lys Thr Val He Glu Tyr Lys Tyr Asn Asn Tyr Thr Ser 

515 520 525 



Asp Glu Arg Asn Arg Leu Glu Ser Glu Tyr Asn He Asn Asn He Arg 

530 535 540 

Glu Glu Leu Asn Lys Lys Val Ser Leu Ala Met Glu Asn He Glu Arg 

545 550 555 560 



Phe He Thr Glu Ser Ser He Phe Tyr Leu Met Lys Leu He Asn Glu 
50 565 570 575 

Ala Lys Val Ser Lys Leu Arg Glu Tyr Asp Glu Gly Val Lys Glu Tyr 
580 585 590 

55 Leu Leu A.sp Tyr He Ser Glu His Arg Ser He Leu Gly Asn Ser Val 

595 600 605 



Gin Glu Leu Asn Asp Leu Val Thr Ser Thr Leu Asn Asn Ser He Pro 
610 615 620 

Phe Glu Leu Ser Ser Tyr Thr Asn Asp Lys He Leu He Leu Tyr Phe 

625 630 635 640 



Asn Lys Leu Tyr Lys Lys He Lys Asp Asn Ser He Leu Asp Met Arg 
65 645 650 655 

Tyr Glu Asn Asn Lys Phe He Asp lie Ser Gly Tyr Gly Ser Asn He 
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<210> 5 
<211> 1059 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : construct 
<400> 5 

Met Pro Phe Glu Leu Pro Ala Leu Pro Tyr Pro Tyr Asp Ala Leu Glu 
1 5 io 



15 



Pro His He Asp Lys Glu Thr Met Asn He His His Thr L-s His His 
20 25 30 

Asn Thr Tyr Val Thr Asn Leu Asn Ala Ala Leu Glu Gly His Pro Asd 
35 40 45 H 

Leu Gin Asn Lys Ser Leu Glu Glu Leu Leu Ser Asn Leu Glu Ala Leu 
50 55 60 

Pro Glu Ser He Arg Thr Ala Val Arg Asn Asn Glv Gly G^y His Ala 
65 70 75 ' 80 

Asn His Ser Leu Phe Trp Thr He Leu Ser Pro Asn Gly Gly Gly Glu 
85 90 95 

Pro Thr Gly Glu Leu Ala Asp Ala He Asn Lys Lys Phe Glv Ser Phe 
100 105 nb 

Thr Ala Phe Lys Asp Glu Phe Ser Lys Ala Ala Ala Gly Arq Phe Glv 
115 120 125 

Ser Gly Trp Ala Trp Leu Val Val Asn Asn Gly Glu Leu Glu He Thr 
130 135 140 

Ser Thr Pro Asn Gin Asp Ser Pro He Met Glu Gly Lvs Thr Pro He 
145 150 155 * i 60 

Leu Gly Leu Asp Val Trp Glu His Ala Tyr Tyr Leu Lys Tyr Gin Asn 
165 170 175 

Arg Arg Pro Glu Tyr He Ala Ala Phe Trp Asn Val Val Asn Trp Asp 
180 185 190 

Glu Val Ala Lys Arg Tyr Ser Glu Ala Lys Ala Lvs Gin Arq Ser Cvs 
195 200 ' 205 

Gly Leu Val Pro Arg Gly Ser Gly Pro Gly Ser Lys Ala Pro Pro Arq 
210 215 220 

Leu Cys He Arg Val Asn Asn Arg Glu Leu Phe Phe Val Ala Ser Glu 
225 230 235 240 

Ser Ser Tyr Asn Glu Asn Asp lie Asn Thr Pro Lvs Glu He Asp Asp 
24 * 250 - 255 

Thr Thr Asn Leu Asn Asn Asn Tyr Arg Asn Asn Leu Asp Glu Val He 
260 265 270 

Leu Asp Tyr Asn Ser Glu Thr He Pro Gin He Ser Asn Gin Thr Leu 
275 280 285 

sn Thr Leu Val Gin Asp Asp Ser Tyr Val Pro Arg Tyr Asp Ser Asn 
290 2S5 300 
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705 710 

lie Gin Asn Tyr He His Asn Glu Tyr Thr lie 7le Asr. Cys Met Lys 
725 730 

Asn Asn Ser Glv Trp Lys lie Ser He Arg Gly Asn Arg lie He Trp 
740 74 5 730 

Thr Leu He Asd He Asn Gly Lys Thr Lys Ser Val Phe Phe Glu Tyr 
755 " 760 

Asn He Arg Glu Asd He Ser Glu Tyr He Asn Arg Trp Phe Phe Val 

770 * 77 5 780 

Thr He Thr Asn Asn Leu Asn Asn Ala Lys He Tyr He Asn Gly Lys 

inn *7 Cl S 800 

785 790 

Leu Giu Ser Asn Thr Asp He Lys Asp He Arg Glu Val He Ala Asn 
810 ol-i 



805 



Glv Glu He He Phe Lys Leu Asp Gly Asp He Asp Arg Thr Gin Phe 
> 820 825 630 

He Trp Met Lys Tyr Phe Ser He Phe Asn Thr Glu Leu Ser Gin Ser 
835 840 B45 

Asn He Glu Glu Arg Tyr Lys He Gin Ser Tyr Ser Glu Tyr Leu Lys 
850 855 860 

Asp Phe Trp Gly Asn Pro Leu Met Tyr Asn Lys Glu Tyr Tyr Met Phe 
865 870 875 880 

Asn Ala Gly Asn Lys Asn Ser Tyr He Lys Leu Lys Lys Asp Ser Pro 

690 89b 



885 



Val Glv Glu He Leu Thr Arg Ser Lys Tyr Asn Gin Asn Ser Lys Tyr 

3 905 91° 



900 



He Asn Tyr Arg Asp Leu Tyr He Gly Glu Lys Phe He He Arg Arg 
9 i5 920 925 

Lys Ser Asn Ser Gin Ser He Asn Asp Asp He Val Arg Lys Glu Asp 
930 935 940 

Tvr He Tyr Leu Asp Phe Phe Asn Leu Asn Gin Glu Trp Arg Val Tyr 
945 950 955 960 

Th- Tvr Lys Tyr Phe Lys Lys Glu Glu Glu Lys Leu Phe Leu Ala Pro 
965 970 975 

He Ser Asd Ser Asp Glu Phe Tyr Asn Thr He Gin He Lys Glu Tyr 
* 980 985 990 

Asp Glu Gin Pro Thr Tyr Ser Cys Gin Leu Leu Phe Lys Lys Asp Glu 
995 1000 10 05 

Glu Ser Thr Asp Glu He Gly Leu He Gly He His Arg Phe Tyr Glu 
1010 1015 3020 

Ser Gly He Val Phe Glu Glu Tyr Lys Asp Tyr Phe Cys He Ser Lys 
1025 1030 1035 1°40 

Trp Tyr Leu Lys Glu Val Lys Arg Lys Pro Tyr Asn Leu Lys Leu Gly 
^ 1045 1° 50 1055 

060 



Cys Asn Trp Gin Phe He Pro Lys ^ Asp Glu Gly Trp Thr^Glu 
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